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PREFACE. 


This  little  work  on  Elementary  Physiology  is  chiefly  based  ou 
the  notes  of  lectures  given  at  various  times— (a)  to  evening- 
classes  ;  (b)  to  extension  students  under  the  ausjaices  of  the 
Montgomeryshire  County  Council;  (c)  to  students  of  elemen- 
tary Physiological  Psychology.  Great  pains  have  been  taken 
to  make  it  both  accurate  and  lucid,  and  emphasis  has  been 
laid  on  Practical  Work,  to  which  a  special  chapter  is  devoted. 
The  necessary  Chemistry  has  been  introduced  where  most 
relevant,  instead  of  being  lumped  into  an  introductory  chap- 
ter. Mr.  A.  W.  Warrington,  M.Sc,  has  kindly  revised  this 
portion  for  me. 

The  book  is  intended  to  meet  the  requirements  of — (1) 
elementary  students,  whether  self-taught  or  following  the 
subject  in  class ;  (2)  students  of  Genei'al  Biology  who  wish 
to  supijlement  that  subject  on  the  physiological  side,  as  is- 
often  the<;ase  with  those  intending  to  go  on  to  medical  work; 
(3)  students  of  Psychology  who  desire  a  simple  account  of 
the  Nervous  System  and  Sense  Organs ;  (4)  students  of  agri- 
culture and  dairying.  The  last  chapter,  which  deals  with 
secretion  of  milk  and  digestion  in  the  cow,  has  been  inserted 
in  the  hope  that  the  last  class  of  students  may  find  it  useful. 
Mr.  J.  Dawson  Eoberts,  M.E.C.V.S.,  has  been  so  good  as  to 
look  over  this  chapter  when  it  was  in  manuscript  form. 

J.  E.  AINSWORTH  DAVIS. 


Aberystwyth,  August  1S95. 
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ELEMENTARY  PHYSIOLOGY. 


INTRODUCTION. 

The  globe  is  inhabited  by  an  innumerable  host  of 
living  beings,  which  may  broadly  be  divided  into  plants 
on  the  one  hand  and  animals  on  the  other.  There  is  so 
much  in  common  between  these  that  they  are  together 
treated  of  by  a  single  science, — Biology  (G-k.  bids,  life; 
logOs,  discourse),  which,  however,  covers  such  an  enormous 
extent  of  ground  that  it  is  found  convenient  to  subdivide 
it  into  the  sister  sciences  of  Botany  (Gk.  botane,  a  plant) 
and  Zoology  (Gk.  zoon,  a  living  creature;  logos),  dealing 
respectively  with  plants  and  animals.  There  are  two 
chief  ways  in  which  a  living  being  may  be  studied,  one 
having  regard  to  the  external  shape  and  internal  arrange- 
ment (structure)  of  parts,  and  the  other  going  into  the 
uses  (functions)  of  the  different  parts  or  organs.  These 
two  methods  of  study  are  respectively  adopted  in  the 
departments  of  Morphology  (Gk.  morphe,  shape;  Ingos) 
and  Physiology  (Gk.  phusis,  nature;  logos).  Botany 
embraces  Plant  Morphology  and  Plant  Physiology, 
while  Zoology  includes  Animal  Morphology  and  Animal 
Physiology.  We  are  here  chiefly  concerned  with  the 
last  subject,  and  indeed  with  a  branch  of  that  subject, 
Human  Physiology,  or  the  physiology  of  man.  It 
is,  however,  obvious  that  some  knowledge  of  Human 
Morphology  is  also  necessary  for  our  purpose.  It  is 
not  possible  to  understand  how  a  machine — say  a 
watch — acts,  without  possessing  some  knowledge  of  its 
construction,  and  before  trying  to  understand  the  work- 
ing of  the  human  body  it  is  necessary  to  have  some 
acquaintance  with  its  outward  shape  (External  Morpho- 
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logy),  internal  structure  or  Anatomy  (Gk.  ana,  up;  temno, 
I  cut)  as  determined  by  ordinary  dissection,  and  minute 
anatomy  or  Histology  (Gk.  histus,  a  texture;  lugvs)  as 
made  out  by  means  of  the  compound  microscope.  The 
relation  between  these  various  branches  of  enquiry  may 
be  conveniently  shown  by  means  of  the  folloA^dng  table : — 


/Botany. 


BIOLOGY.^ 


Zoology.^ 


Animccl  Morphology  (of  which  Human 
Morphology  is  a  small  part) : — 
a.  External  Morphology ; 
h.  Anatomy  ; 
c.  Histology. 
Animal  Phyisiologij  (of   which  Human 
Physiology  is  a  small  part). 

Even  a  beginner  in  Physiology  -odll  also  have  to  know 
something  of  non-biological  subjects,  especially  of  Me- 
chanics, Physics,  and  Chemistry.  In  this  book  the  re- 
quisite knowledge  of  this  land  will  to  some  extent  be 
introduced  as  occasion  may  arise. 

In  the  study  of  Physiology  boolnvork  alone  is  compar- 
atively useless,  and  practical  work  of  the  greatest  im- 
portance. As  regards  Human  Anatomy  elementary 
students  will  mainly  depend  on  examination  of  the 
skeleton,  supplemented  perhaps  by  models  of  some  of 
the  soft  parts;  but  fortunately  the  main  points  can  be 
illustrated  by  dissection  of  a  rabbit,  cat,  or  dog — a 
sheep's  pluck — and  the  eye  of  a  sheep  or  ox.  A  small 
amount  of  microscopic  work  is  also  necessary  for  the 
beginner.  For  details  see  the  Chapter  on  Practical 
Work. 


CHAPTER  1. 

PRELIMINARY  SKETCH. 

Symmetry  of  the  Body. — Objects  which  possess  a 
certain  regularity  in  form,  enabhng  them  to  be  divided 
into  tAvo  corresponding  halves  in  one  or  more  different 
ways  are  said  to  be  symmetrical    The  most  perfect  kind 
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of  symmetry  is  seen  in  the  sphere,  which  can  be  divided 
into  two  corresponding  hemispheres  in  any  direction, 
while  the  less  symmetrical  cube  is  divisible  into  equiv- 
alent halves  in  only  nine  different  ways.  Plants  and 
animals,  or  their  parts,  commonly  exhibit  either  radial 
or  bilateral  symmetry.  The  former  is  the  kind  of  regu- 
larity observable  in  a  star,  wheel,  or  buttercup  flower, 
where  a  number  of  exactly  similar  parts  are  arranged 
round  a  central  point  in  a  radiating  manner.  Any  or- 
dinary leaf,  say  one  of  ivy  or  ^'iolet,  may  be  taken  as  an 
instance  of  a  flat  body  showing  bilateral  symmetry, 
where,  as  the  name  implies  (L.  bi-,  two;  latus,  later  is, 
side),  there  is  only  one  possible  way  of  dividing  the  object 
into  two  corresponding  halves.  Note  further  that  these 
halves  are  not  interchangeable  like  the  two  hemispheres 
into  which  a  sphere  can  be  split.  They  are  in  fact  right  and 
left,  or,  in  other  words,  are  mirror  images  of  each  other; 
for  if  the  cut  edge  of  one  half  be  placed  against  a  piece  of 
looking-glass  the  reflection  will  look  like  the  other  half. 
The  human  body  is  also  an  example  of  bilateral  symmetry, 
and  this  involves  the  possession  not  only  of  right  and  left 
sides  but  also  of  front  or  ventral  (L.  venter,  belly),  and 
back  or  dorsal  (L.  dorsum,  back)  surfaces,  the  two  differ- 
ing in  shape  from  one  another.  It  is  also  characteristic 
of  Man,  in  common  with  all  other  bilaterally  symmetrical 
animals,  that  there  should  be  a  head  end  lodging  the 
brain  and  certain  important  organs  of  sense.  Some  ani- 
mals, such,  for  example,  as  crayfish  and  lobster,  are  bi- 
laterally symmetrical  (or  nearly  so)  as  regards  their 
internal  structure  as  well  as  in  external  form,  but  in 
Man  this  is  only  the  case  to  a  Kmited  extent. 

Regions  of  the  Body. — There  is  an  obvious  division 
into  head,  neck,  trunk,  and  limbs  or  appendages.  The 
head  in  Man,  owing  to  the  enormous  size  of  his  brain  as 
compared  ^vith  lower  animals,  is  chiefly  made  up  of  the 
brain-case,  which  even  forms  the  upper  part  of  the  face, 
the  rest  of  which  is  constituted  by  the  jaws,  together 
with  the  parts  related  to  the  organs  of  sight  and  smell. 
At  the  sides  of  the  head  are  the  expansions  known  in 
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ordinary  language  as  'ears',  scientifically  as  conchae 
(L.  concha,  shell),  which  largely  surround  orifices  by 
which  sounds  enter  to  be  conveyed  to  the  essential 
organs  of  hearing,  lodged  deep  down  in  the  firm,  bony 
side-Avalls  of  the  brain-case  and  thus  protected  from 
injury. 

It  is  obviously  an  advantage  that  the  head,  containing 
as  it  does  important  organs  of  sense  bringing  us  into 
relation  with  the  external  world,  should  be  borne  upon 
a  flexible,  relatively  narrow  neck.  This  permits  the  eyes 
in  particular  to  range  very  quickly  over  surrounding 
objects  in  nearly  all  directions  without  necessitating 
movement  of  the  comparatively  unwieldy  trunk.  A 
large  ex23enditure  of  energy  is  thus  saved  and  a  change 
in  the  surroundings  rapidly  perceived,  a  matter  of  great 
importance  even  to  civilized  human  beings,  and  to  savages 
in  many  cases  a  matter  of  life  or  death. 

The  trunk,  which  lodges  important  organs  concerned 
with  nourishing  the  body  and  getting  rid  of  its  waste 
products,  is  divided  into  the  chest,  or  thorax,  above, 
and  the  abdomen  below.  The  walls  of  the  former  are 
supported  by  bones  in  front  and  at  the  sides  as  well  as 
behind,  while  the  abdominal  walls  are  soft  and  not  so 
supported  except  behind. 

Although  there  are  considerable  differences  between 
the  upper  and  lower  limbs,  owing  to  the  fact  that  they 
are  put  to  such  different  uses,  there  are  nevertheless  im- 
portant agreements  between  them.  They  are,  in  fact, 
built  upon  a  common  plan  of  structure,  and  hence  receive 
the  common  name  of  limb,  appendage,  or  extremity,  just 
as  the  term  house  is  applied  to  cottage,  villa,  mansion, 
or  any  other  dwelling.  Upper  and  lower  limb  alike  are 
transversely  divided  into  certain  regions,  and  end  in  five 
digits  provided  with  flat  nails.  Thus  shoulder,  upper 
arm,  forearm,  wrist,  and  hand  correspond  to  hip,  thigh, 
leg,  ankle,  and  foot.  Shoulder  and  hip,  although  com- 
monly reckoned  as  part  of  the  trunk,  belong  more  pro- 
perly to  the  limbs,  being  in  fact  limb-regions,  which  are 
firmly  fixed  to  the  trunk  and  afford  attachment  to  the  free 
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or  movable  parts  of  the  limlDS..  Examination  of  a  sheep's 
carcass,  as  displayed  in  a  butcher's  shop,  or  of  a  skinned 
rabbit,  will  show  that  this  is  true  as  regards  the  shoulder, 
but  it  is  by  no  means  obvious  in  the  case  of  the  hip-region, 
which  has  fused  very  closely  with  the  trunk. 

Differences  between  Upper  and  Lower 
Limbs. — Most  of  these  can  be  considered  Avith  greater 
profit  when  the  corresponding  bones  are  studied,  but  a 
few  points  may  be  mentioned  here.  The  upper  limbs 
are  especially  adapted  for  grasping  objects  situated  in 
very  various  directions,  and  in  correspondence  with 
this  the  shoulder-joint  allows  of  very  free  movement, 
the  forearm  can  be  twisted  round  so  as  to  bring  the 
palm  into  several  positions,  the  fingers  are  long  and 
flexible,  and  the  relatively  short  thumb  can  be  opposed 
to  the  other  digits,  i.e.  its  tip  can  be  brought  against 
theirs.  The  lower  limbs  on  the  other  hand  have  to 
support  the  weight  of  the  body  and  bring  about  various 
kinds  of  locomotion.  The  hip- joints  do  not  therefore 
allow  of  such  free  movement  as  do  the  shoulder- joints, 
the  leg  cannot  be  twisted  round  like  the  forearm,  the 
toes  are  shorter  and  less  flexible  than  the  fingers,  while 
the  relatively  long  and  large  great  toe  cannot  be  opposed 
to  the  other  toes.  To  this  may  be  added  the  fact  that 
the  thigh  and  leg  are  much  longer  than  the  correspond- 
ing parts  of  the  upper  limb,  and  the  heel,  which  is  of 
great  importance  in  the  support  of  the  body,  has  nothing 
in  the  hand  corresponding  to  it. 

The  Trunk  a  Double  Tube. — Both  upjDer  and 
lower  limbs  are  solid,  but  the  trunk  is  hollow,  contain- 
ing two  cavities,  one  anterior  or  ventral  and  the  other 
posterior  or  dorsal.  In  these  cavities  various  internal 
organs  are  enclosed.  The  trunk  may,  therefore,  be  de- 
scribed as  a  double  tube,  and  this  arrangement  can  easily 
be  made  out  by  looking  at  the  cut  side  of  one  of  the 
longitudinal  halves  into  which  a  butcher  commonly 
divides  the  body  of  a  sheep  or  pig.  The  dorsal  cavity, 
which  extends  into  the  neck  and  head,  contains  the  brain 
and  spinal  marrow,  or  spinal  cord,  and  is  almost  entirely 


ELEITENTARY  PHYSIOLOGY. 


1.— Neural  Tube  with  its  con- 
taiued  Organs. 

c,  Brain ;  deed,  spinal  cord ; 
0  II  I,  backbone. 


bounded  hy  bone,  so  that 
these  delicate  organs  may  be 
well  protected.  Fig.  1  shows 
this  cavity  and  the  organs 
which  fill  it,  as  seen  in  Man. 
In  the  neck  and  trunk  it 
traverses  the  spine  or  verte- 
bral column,  and  is  compara- 
tively small  in  correspondence 
"wdth  the  size  of  the  spinal 
cord  which  it  contains.  In 
the  head,  however,  this  cavity 
is  very  much  larger,  as  it  has 
to  hold  the  brain.  The  ven- 
tral or  body  cavity  is  limited 
to  the  trunk,  and  is  of  rela- 
tively large  size,  as  shown  in 
fig.  2.  It  is  not  so  well  pro- 
tected by  bone  as  the  dorsal 
ca\dty.  On  reference  to  the 
figure  it  will  also  be  seen  that 
the  ventral  cavity  is  divided 
into  a  smaller  upper  or 
thoracic  part  (a),  and  a 
larger  lower  or  abdominal 
part  (c),  by  means  of  a  cur^-ed 
partition  (b),  the  'midriff'  or 
diaphragm  (Gk.  dia,  across; 
jphragmos,  a  partition).  "\"\Tien 
at  rest  this  is  convex  above 
and  concave  below.  It  is 
pierced  by  various  structui-es 
running  from  thorax  to  ab- 
domen or  the  reverse.  The 
head  contains  ventral  cavities 
belonging  to  the  nose,  mouth, 
and  throat  (fig.  34),  but  these 
are  not  of  the  same  nature  as 
the  body  cavity. 
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General  Sketch  of  the  Functions  and  Organs 
of  the  Body. — The  regions  and  general  plan  of  the 
body  have  abeady  been  discussed  from  a  morphological 
point  of  view,  and  it  now  remains  to  classify  the  various 
parts  on  a  physiological  basis,  having  regard,  that  is,  to 
their  uses  or  functions. 

In  any  kind  of  manufac- 
ture it  is  well  known  that 
the  best  results  are  obtained 
by  dividing  the  work  into 
different  stages,  undertaken 
by  distinct  sets  of  work- 
people who,  as  a  result,  be- 
come very  expert  at  their 
particular  duties.  This  prin- 
ciple of  division  of  labour, 
as  it  is  called,  is  carried  out 
very  perfectly  in  the  human 
body,  where  we  find  special 
parts  or  organs,  each  of 
Avhich  performs  one  or  more 
functions.  These  organs, 
eye,  lung,  brain,  stomach, 
&c.  &c.,  are  more  or  less 
different  from  one  another, 
since  their  shape  and  struc- 
ture are  such  as  to  fit  them 
for  very  different  tasks. 
The  body  has  gradually  be- 
come thus  differentiated,  i.e. 
made  up  of  differing  parts, 
as  a  result  of  well-marked  division  of  physiological 
labour.  The  various  organs  may  conveniently  be  grouped 
under  the  following  headings : — 

1.  Protection  and  Support.— The  body  is  sup- 
ported by  bones  and  other  hard  parts  together  forming 
the  skeleton.  This  also  protects  the  more  delicate  organs 
from  nijury,  as,  for  example,  in  the  case  of  the  brain 
and  spinal  cord  (p.  12). 


Fig.  2.— Dorsal  and  Ventral  Tubes 
of  Trunk. 
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The  skin  is  also  an  important  protective  organ,  in  vir- 
tue of  its  outer  layer  or  epidermis  (Gk.  Spi,  upon;  dUrma, 
skin),  which  is  non-sensitive  and  devoid  of  blood-vessels. 
The  hair  and  nails  are  special  outgrowths  from  this  layer. 
There  is  a  great  difference  between  the  epidermis  and 
the  deeper  part  of  the  skin  constituting  the  dermis, 
which  is  both  sensitive  and  richly  provided  with  blood- 
vessels. When  the  finger  is  cut  with  a  knife  no  pain  is 
felt  nor  blood  drawn  till  the  dermis  is  reached. 

2.  Movement. — The  chief  agents  in  producing  the 
various  movements  of  the  body  and  its  parts  are  the 
muscles,  which  in  ordinary  language  are  knoAA'-n  as  the 
'flesh',  or  in  dead  animals  as  'meat'.  They  are  also  the 
means  by  which  the  body  is  kept  in  the  erect  and  other 
positions  involving  effort.  A  given  muscle  consists  of  a 
definite  piece  of  fleshy  substance  Avhich  is  able  to  con- 
tract, that  is,  to  become  shorter  and  at  the  same  time 
broader.  Its  two  ends  and  the  parts  to  Avhich  they  are 
attached  will  thus  be  brought  nearer  together.  It 
must  clearly  be  understood  that  this  j)roperty  of  contrac- 
tility is  not  the  same  thing  as  contraction  in  the  ordinary 
sense  of  diminution  in  volume. 

3.  Digestion.— Energy  is  defined  as  the  poAver  of 
doing  AA'ork,  and  a  distinction  is  draAA^n  bet.Aveen  'stored' 
or  potential  energy  and  'actual'  or  kinetic  energy. 
The  various  activities  of  the  body  necessitate  a  large 
expenditure  of  kinetic  energy,  and  this  involves  a  con- 
stant breaking  doAvn  of  body  substance.  _  A  rough  idea 
of  the  process  may  be  gained  by  considering  what  takes 
place  when  nitro-glycerine  explodes.  The  substance  in 
question  is  of  very  complicated  chemical  nature,  and  its 
explosion  means — (1)  the  re-arrangement  of  its  con- 
stituents to  form  simpler  substances ;  (2)  the  conversion 
of  potential  into  kinetic  energy,  resulting  in  the  perform- 
ance of  a  certain  amount  of  Avork.  Similarly  Avhen  a 
muscle  contracts  it  does  work,  and  at  the  same  time  a 
small  part  of  it  wastes,  i.e.  breaks  doAvn  into  simpler  sub- 
stances, with  conversion  of  potential  into  kinetic  energy. 
If  this  Avaste  Avere  not  made  up  for,  the  muscle  Avould 
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gradually  get  smaller  and  smaller  with  use,  which,  how- 
ever, is  not  the  case.  Food  is  material  taken  into  the 
body  for  the  purpose  of  compensating  waste  and  render- 
ing growth  possible  where  desirable.  Digestion  is  the 
process  by  which  this  food  is  brought  into  a  fit  condition 
to  be  built  up  into  living  substance,  and  the  digestive 
organs  undertake  this  special  work.  They  consist  of  a 
long  tube,  the  alimentary  canal,  and  of  certain  organs 
Avhich  open  into  it.  This  tube  begins  with  the  mouth- 
cavity,  which  is  continued  into  a  small  chamber  (jiharynx) 
at  the  back  of  the  throat,  followed  again  by  a  tubular 
gullet,  dilated  stomach,  and  long  convoluted  intestines,  or 
bowels,  beginning  with  a  relatively  narrow  small  intestine 
and  ending  with  a  much  broader  large  intestine.  As  may 
be  seen  from  fig.  3,  the  abdominal  cavity  is  largely 
occupied  by  the  stomach  and  intestines  together  with 
the  large  liver,  which  is  one  of  the  important  organs 
opening  into  the  digestive  tube. 

4.  Circulation. — Digestion  would  be  a  useless  process 
if  there  were  not  some  means  of  conveying  the  digested 
food  throughout  the  body.  This  is  one  of  the  functions 
of  the  circulatory  organs,  which  principally  consist  of 
the  heart  and  blood-vessels.  The  former  acts  as  a  force- 
pump  by  means  of  which  the  blooi,  containing  the 
products  of  digestion,  is  made  to  move  through  the 
blood-tubes  or  blood-vessels.  In  fig.  3  the  heart  is  shown 
in  its  natural  position  in  the  middle  of  the  thorax,  and 
at  its  upper  end  are  seen  parts  of  the  great  blood-vessels 
Avhich  begin  or  end  in  it. 

Besides  carrying  material  for  effecting  renewal  or 
growth  to  the  different  parts  of  the  body,  the  circulatory 
organs  remove  the  products  of  waste  and  take  them  to 
organs  which  get  rid  of  them  (lungs,  skin,  kidneys). 
Besides  this,  as  will  presently  appear,  the  organs  of  cir- 
culation promote  waste  and  equalize  the  temperature  of 
the  body. 

5.  Respiration. — This  process,  commonly  termed 
breathing,  involves  the  passage  of  air  into  and  out  of 
the  lungs,  two  large  spongy  bodies  which  largely  fill  up 
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the  thorax  (fig.  3,  bb),  and  communicate  with  the 
exterior  by  the  tube  known  as  the  windpipe  or  trachea 
which  can  readily  be  felt  along  the  front  of  the  throat' 
just  within  the  skin.  The  purpose  of  breathing  is  two- 
fold: (1)  to  ex- 
Crete  or  get  lid 
of  certain  waste 
products  result- 
ing from  the  con- 
stant wasting  of 
living  substance; 
(2)  to  absorb  into 
the  blood  from 
the  au'  oxygen 
gas,  which  enal:)les 
the  necessary 
e  nergy-  pr  odu  ci  ng 
and  heat-produc- 
ing processes  of 
waste  to  go  on. 

6.  Excretion 
(L.  ex,  out  of; 
cenio,  I  sejDarate) 
or  elimination  of 
waste  from  the 
sj^stem  is  a  func- 
tion of  lungs, 
skin,  and  also  of 
the  kidneys,  tAvo 
flattened  oval 
bodies  lying  at 
the  back  of  the  abdominal  cavity  (fig.  71),  and  communi- 
cating by  two  narrow  tubes,  the  ureters,  Avith  a  somcAvhat 
pear-shaped  bag  or  sac  situated  at  the  lower  end  of  the 
abdominal  cavity  and  known  as  the  urinary  bladder. 

7.  Correlation  and  Sensation. — In  order  that 
the  organs  of  the  body  may  Avork  proper Ij?-  together,  it 
is  necessary  that  there  should  be  some  apparatus  for 
'  "    '      them  into  relation  AAath  one  another.  The 

(M26) 


Fig.  3.— Chief  Organs  of  Thorax. 

A,  Heart;  hb,  lungs;  c,  diaphr.igra ;  d,  liver;  e,  gall- 
bladder; F,  stomach;  q,  small  intestine;  h,  part  of 
large  intestine. 
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nervous  system  is  a  correlating  apparatus  of  this  kind. 
It  consists  of  central  organs  connected  by  slender  cords, 
the  nerves,  with  all  parts  of  the  body.  The  central 
organs  consist  of  brain,  spinal  cord,  and  two  slender 
sympathetic  cords  lying  just  at  the  sides  of  the  back- 
bone. The  brain  must  be  regarded  as  the  master  organ 
of  the  body.  It  is  the  seat  of  intelligence  and  will,  and 
not  only  brings  the  various  organs  into  relation  with 
one  another,  but  also,  by  means  of  its  instruments,  the 
sense  organs,  brings  the  body,  so  to  speak,  into  touch 
with  the  external  world.  The  sense  organs  include  the 
structures  which  have  to  do  with  touch,  taste,  smell, 
hearing,  and  sight. 


CHAPTER  n. 

SKELETON  AND  MUSCLES. 

The  Materials  which  make  up  the  Skeleton. 

— The  organs  which  compose  the  body  can  again  be 
analysed  into  a  comparatively  small  numlDer  of  materials, 
just  as  the  different  parts  of  a  house  are  built  up  of 
stone,  mortar,  wood,  &c.  These  body  materials  are 
called  tissues,  and  three  of  these  tissues — bone,  gristle 
or  cartilage,  and  connective  tissue — together  build  up 
the  skeleton.  A  rabbit's  leg  may  be  taken  in  illustra- 
tion. After  removing  the  skin  and  muscle  the  bones 
will  be  reached,  connected  together  at  the  joints  by 
strong  tough  bands,  the  ligaments  (L.  ligo,  I  bind), 
made  up  of  a  kind  of  connective  tissue.  This  tissue  is 
called  "connective"  because  it  connects  or  binds  the 
various  organs  and  parts  of  organs  together.  Each  bone 
is  also  covered,  except  where  it  helps  to  bound  a  joint, 
by  a  tough  membrane,  the  periosteum  (Gk.  peri,  around ; 
osteon,  bone),  made  up  of  connective  tissue  and  very 
vascular,  i.e.  richly  supplied  with  blood-vessels.  Select 
the  femur  (thigh-bone)  for  further  examination.  After 

(  M  26  )  B 
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dissecting  it  out,  each  end  will  be  found  coA'ered  hy  a 
thin  smooth  layer  of  firm  bluish-white  gristle  or  carti- 
lage (L.  cartilago,  gristle),  easily  cut  with  a  knife.  On 
dividing  the  bone  into  two  longitudinal  halves  it  will  be 
seen  that  the  central  part  or  shaft  contains  a  large  cavity 
bounded  at  the  sides  by  very  dense  bone,  and  containing 
a  soft  fatty  substance,  the  marrow,  of  a  reddish  colour. 
The  SAvollen  ends  of  the  femur  are  made  up  of  spongy 
bone,  the  minute  interstices  of  which  are  filled  up  Avith 
marrow.  It  will  als'o  be  noted  that  the  cartilage  cover- 
ing each  end  of  the  bone  is  comparatively  thick  in  the 
middle,  gradually  getting  thinner,  and  being  finally  re- 
placed by  the  periosteum.  MarroAV  consists  of  a  frame- 
work of  connective  tissue,  and  its  red  colour  is  due  to 
the  presence  of  minute  blood-vessels,  Avhich  have  direct 
communication  Avith  those  in  the  periosteum  by  means 
of  a  minute  hole,  the  nutritive  foramen  (L.  foro,  I  pierce), 
which  pierces  the  middle  of  the  shaft.  There  is  also 
indirect  connection,  for  the  compact  bone  forming  the 
wall  of  the  shaft  is  traversed  by  minute  canals  (Haver- 
sian canals)  running  mainly  in  a  longitudinal  direction, 
and  containing  minute  blood-vessels,  Avhich  communicate 
by  cross  branches  Avith  the  vessels  of  the  periosteum  on 
the  one  hand  and  those  of  the  marroAv  on  the  other. 
The  Haversian  canals  are  large  enough  to  be  seen  Avith  a 
lens  if  the  bone  is  broken  across,  and  in  the  fresh  state 
some  of  the  cross  branches  can  also  be  made  out.  It 
Avill  thus  be  seen  that  a  bone  is  not  a  mere  mass  of  hard 
dead  substance  supporting  the  surrounding  soft  parts, 
but  is  pierced  by  an  elaborate  netAVork  of  blood-vessels, 
from  the  blood  contained  in  Avhich  the  materials  neces- 
sary for  groAvth  or  repair  of  injury  can  be  draAvn. 

General  Composition  of  Bone. — If  a  rabbit's 
thigh-bone  is  soaked  for  a  fcAV  days  in  dilute  hydro- 
chloric acid  (muriatic  acid)  it  Avill  be  found  to  have 
undergone  a  remarkable  change  in  nature,  whilst  retain- 
ing the  same  shape.  Instead  of  being  hard  and  firm,  it 
is  noAv  soft  and  flexible,  capable  of  being  tied  up  mto  a 
knot  without  breaking.    The  acid  has,  in  fact,  removed 
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the  earthy  or  mineral  matter,  which  gives  the  bone  its 
hardness,  leaving  behind  the  animal  matter,  which  makes 
it  tough  and  to  some  extent  elastic.  This  animal  matter, 
which  is  closely  allied  to  connective  tissue,  can  be  re- 
moved from  a  bone  by  prolonged  boiling,  as  in  making 
soup,  or  by  heating  in  the  fire.  It  is  now  the  mineral 
matter  which  is  left,  and  while,  as  before,  the  bone  re- 
tains its  shape,  it  will  have  become  extremely  brittle. 

In  healthy  human  bone  the  mineral  matter  constitutes 
about  two-thirds  the  weight,  but  it  is  generally  held  that 
there  is  a  smaller  proportion  in  children  and  a  larger  in 
old  people,  accounting  for  the  fact  that  the  bones  in  the 
one  case  are  comparatively  flexible,  and  in  the  latter 
more  brittle  and  liable  to  break. 

Physical  Properties  of  Bone. — Its  hardness, 
toughness,  and  elasticity  have  already  been  noted,  but 
these  are  not  merely  due  to  its  composition,  but  also  to 
the  way  in  which  its  parts  are  arranged.  Thus,  the 
elasticity  of  the  long  bones  is  very  much  increased  by 
their  curved  shape,  while  in  the  shaft  of  such  a  bone  as 
the  femur  lightness  and  strength  are  combined  on  the 
principle  of  the  hollow  column,  with  the  least  possible 
expenditure  of  material.  Spongy  bone  illustrates  the 
same  kind  of  thing.  Its  structure  necessarily  makes  it 
light,  and  the  slender  bars  of  bone  which  compose  it  are 
not  arranged  at  random,  but  so  as  to  resist  to  the  best 
advantage  the  pressures  which  have  to  be  borne.  A 
cubic  inch  of  spongy  bone,  weighing  only  54  grains,  cut 
from  the  lower  end  of  a  human  femur,  was  found,  in  an 
experiment  made  for  the  purpose,  to  stand  a  Aveight  of 
4  cwt.  without  being  injured.  This  kind  of  bone  also 
plays  an  important  part  in  breaking  shocks.  It  may  be 
added  that  compact  bone  is  reckoned  to  be  twice  as 
strong  as  oak. 

Properties  of  Cartilage. — Cartilage  or  gristle  is 
closely  allied  to  connective  tissue.  It  is  tough,  but  at 
the  same  time  extremely  elastic,  and  these  properties 
render  it  very  useful  in  joints,  as  will  presently  be  shown. 
Like  spongy  bone  it  helps  to  prevent  jolting,  as,  for  ex- 
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ample,  in  the  backbone.  Except  when  entering  into 
joints,  cartilage  is  covered  by  a  vascular  membrane, 
called  in  this  case  the  perichondriimi  (Gk.  ptri,  around ; 
chd?idrds,  cartilage). 

GENERAL  PLAN  OF  THE  SKELETON. 

The  numerous  bones  which  make  uj)  the  skeleton  may 
roughly  be  divided  into  three  kinds — (1)  long  bones, 
such  as  the  femui^,  which  are  used  as  levers ;  (2)  broad 
flat  bones,  like  those  of  the  brain  case,  which  protect 
delicate  organs ;  and  (3)  short  irregular  bones,  found  in 
parts  like  the  wrist  and  ankle,  where  both  strength  and 
capability  for  a  limited  amount  of  movement  are  requisite. 

Axial  and  Appendicular  Skeleton. — The  bones 
of  the  head,  neck,  and  trunk  constitute  the  skeleton  of 
the  body,  as  distinguished  from  the  limbs  or  appendages. 
They  comprise  the  skull,  backbone  or  vertebral  column, 
ribs,  and  breast-bone  or  sternum.  The  last  tAvo  support 
the  top,  sides,  and  front  of  the  thorax,  as  will  apj^ear  on 
reference  to  fig.  4.  The  bones  of  the  limbs  make  up  the 
appendicular  skeleton,  and  just  as  the  upper  and  lower 
limbs  can  be  divided  into  corresponding  regions  (p.  10), 
so  can  their  bones  be  grouped  in  a  similar  manner.  In 
either  case  there  are  (1)  bones  constituting  a  gii'dle  by 
which  the  limb  is  fixed  to  the  trunk,  and  (2)  bones  sup- 
porting the  fleshy  movable  part  of  the  limb.  The  follow- 
ing table  gives  a  more  detailed  comparison.    (Cp.  fig.  4.) 

Upper  Limb.  Lower  Limb. 

I.  Shoulder  Girdle.— Alarge  II.  Hip  Girdle.— Alarge, flat, 
flat  shoulder-blade  (scapula)  be-  irregular  hip-bone  (os  iniiomi- 
hind  and  a  rod-like  collax-bone  natum). 

(clavicle)  in  front. 

II.  Free  Limb.  II.  Free  Limb. 

1.  Upper-axmbone (humerus).  1.  Thigh-bone  (femur). 

2.  Torearm  bones— (a)  radius  2.  Lower  leg  bones-  («)  tibia 
on  thumb  side,  (b)  ulna  on  little  on  great  toe  side,  {b)  fibula  on 
finger  side.  little  toe  side. 

[There  is  nothing  in  the  upper  limb  to  represent  the  small  knee- 
pan  (patella)  on  the  front  of  the  knee-joint.] 
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Upper  Limb, 

3.  Short  irregular  wrist-bones 
(carpal  bones). 

4.  Bones  of  hand — (a)  meta- 
carpal bones  supporting  undi- 
vided part  of  hand,  (h)  finger- 
bones  (phalanges). 


Lower  Limb. 

3.  Short  irregular  ankle-bones 
(tarsal  bones). 

4.  Bones  of  foot — («)  meta- 
tarsal bones  supporting  undi- 
vided part  of  foot,  (6)  toe-bones 
(phalanges). 


SKULL. 

General  Construction. — The  greater  part  of  the 
skull^  consists  of  a  rounded  bony  box,  the  brain-case  or 
cranium  (Gk.  cranion,  skull),  in  which  the  brain  is  lodged. 
Its  dome-like  roof,  which  is  practically  all  that  can  be 
seen  in  a  top  vieAv  of  the  skull,  is  adapted  to  resist  very 
considerable  pressure.  An  egg-shell  is  difficult  to  crush 
for  a  similar  reason.  In  a  front  view  of  a  skull  it  is  the 
cranium  which  constitutes  the  forehead  and  roofs  the 
eye-sockets  (orbits),  while  the  cranium  also  makes  up 
the  back  of  the  skull.  A  view  of  the  base  of  the  skull 
(fig.  6)  shows  the  floor  of  the  cranium  pierced  by  a  large 
roundish  hole,  the  foramen  magnum  (L.  for  large  hole), 
through  which  the  spinal  cord  is  continued  into  the  brain. 

The  rest  of  the  skull  is  known  as  the  facial  portion. 
It  completes  the  orbits,  walls  the  cavities  of  the  nose, 
and  includes  the  framework  of  the  jaAvs  and  roof  of  the 
mouth. 

Bones  of  the  Cranium. — A  large  frontal  (L.  frons, 
frontis,  front)  bone  (fig.  5)  roofs  the  orbits  and  the  nasal 
cavities  in  part,  makes  up  the  forehead,  and  constitutes 
the  front  of  the  cranial  roof  and  side- walls.  Just  behind 
it  come  two  arched  parietal  (L.  paries,  wall)  iDones, 
which  complete  the  roof,  continue  the  side-walls,  and 
form  part  of  the  back  of  the  brain-case.  The  trans-s-^erse 
join  behind  the  frontal  is  known  as  a  suture  (L.  siitunis. 
seam),  this  name  being  given  because  there  are  two 
jagged  interlocking  edges,  looking  something  like  an 
irregular  row  of  stitches.  Such  an  union  is  extremely 
firm,  and  its  strength  is  increased  by  the  fact  that  the 
edges  are  bevelled.    The  two  parietals  are  connected  to- 


SKULL. 

gether  by  a  longitudinal  suture  of  similar  kind.  Behind 
the  parietals  and  united  with  them  by  a  transverse  suture 
is  situated  the  large  occipital  (L.  ob,  against;  caput,  head) 
bone,  which  makes  up  the  back  of  the  cranium  and  also 
the  hinder  part  of  its  floor  (figs.  5  and  6).  Below  it  is 
perforated  by  the  foramen  magnum,  and  on  each  side  of 
this  there  is  a  smooth  oval  projection  or  occipital  condyle 


s 


Fig.  5.— Bones  of  the  Skull.  Fig.  6.— The  Base  of  the  Skull. 

F,  Frontal;  P,  parietal;  Oc,  occipital;  F. M.  Foramen  magnum ;  ai,  occipital 

T,  temporal;  S,  sphenoid;  0,  orbit;  condyle;  xp/i,  sphenoid;  w,  vomer; 

IT.  M.\.,  upper  maxillarj';  M,  malar;  p,  palate  bone;  sp,  palatine  plate 

N,  nasal ;  L.  Mx.,  lower  maxillary.  of  maxilla;  zy,  zygomatic  arch. 


(Grk.  cdndulos,  knuckle-like  knob),  which  fits  into  a  cor- 
responding pit  on  the  top  joint  of  the  backbone.  The 
side-wall  of  the  cranium  below  the  parietal  is  mainly 
formed  by  a  moderately  large  temporal  (L.  tempora, 
temples)  bone,  so  called  because  of  its  relation  to  the 
region  above  the  ear  known  as  the  '  temple '.  This  bone 
is  divided  into  three  distinct  regions: — (a)  a  squamous 
part  above,  uniting  by  suture  with  the  parietal,  and 
overlapping  this  bone  in  a  scale-like  way,  hence  its  name 
(L.  squama,  fish-scale);  (b)  a  mastoid  part  (Gk.  mastos, 
breast)  behind,  constituting  the  small  rounded  projection 
which  can  easily  be  felt  just  behind  the  ear;  (c)  an  ex- 
ceedingly dense  petrous  (Gk.  j^etrus,  stone)  part  below, 
which  encloses  the  essential  parts  of  the  organs  of  hear- 
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ing,  and  j^r ejects  somewhat  into  the  cranial  cavity.  A 
bony  bar,  the  zygoma  (Gk.  zugmna,  bar),  projects  for- 
wards from  the  squamous  portion,  and  makes  up  the 
hinder  part  of  the  zygomatic  arch  (fig.  6),  which  runs 
back  from  the  orbit.  On  the  under  side  of  the  zygoma, 
just  at  its  root,  there  is  a  transverse  hollow  into  which 
the  lower  jaw  is  jointed.  Behind  this  glenoid  cavity 
(Gk.  gleiie,  socket;  eidds,  resemblance)  will  be  noticed,  in 
the  petrous  portion,  a  rounded  hole  with  jagged  edges. 
This  is  the  external  opening  of  the  ear. 

The  floor  of  the  cranium,  in  front  of  the  occipital,  is 
made  up  by  two  very  irregular  bones,  the  sphenoid  and 
ethmoid.  The  sphenoid  (Gk.  sjjhen,  a  wedge)  receives  its 
name  because  it  is  wedged  in  between  the  other  bones 
of  the  skull.  It  consists  of  an  irregular  central  part 
which  unites  with  the  occipital  behind,  and  two  -wang-like 
projections  on  each  side,  of  which  the  smaller  front  one 
is  called  the  '  lesser  wing ',  and  the  larger  back  one  the 
'greater  wing'.  Besides  this  there  is  a  double  plate 
projecting  do^^^lward  on  each  side,  and  acting  as  a  but- 
tress to  support  the  hinder  part  of  the  palate  and  upper 
jaw.  The  greater  wings  help  not  only  to  floor  the 
cranium,  but  also  to  make  up  its  side-walls  (fig.  5,  s)  and 
to  bound  the  orbit.  The  lesser  wings  also  help  to  floor 
the  cranium  and  roof  in  the  back  of  the  orbit. 

The  ethmoid  bone  (Gk.  ethinos,  sieve;  eidos,  resem- 
blance), which  will  be  more  fully  considered  in  connec- 
tion with  the  sense  of  smell,  is  much  smaller  than  the 
sphenoid,  and  consists  of  three  parts: — (1)  a  horizontal 
cribriform  plate  (L.  cribrum,  sieve ;  forma,  resemblance), 
perforated  by  numerous  small  holes  and  completing  the 
cranial  floor  in  front  of  the  sphenoid;  (2)  a  vertical  plate 
of  bone  between  the  upper  parts  of  the  right  and  left 
cavities  of  the  nose :  (3)  an  irregular  spongy  lateral  mass 
on  each  side  of  this,  divided  into  scroll-like  mjwn  >r  and 
middle  spongy  or  turbinated  bones  (fig.  84). 

Structure  of  the  Cranial  Bones. — If  these  bones 
were  of  uniform  texture  throughout  a  comparatively 
slight  blow  on  the  head  would  dangerously  jar  the  brain. 


SKULL. 
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As  it  is,  however,  they  consist  of  three  layers  or  '  tables', 
(a)  an  outer  layer  of  dense  bone,  (b)  a  layer  of  spongy 
bone,  the  diploe  (Gk.  dijjloe,  doubling),  by  which  shocks 
are  broken  (cp.  p.  19),  and  (c)  a  thin  inner  layer  of  dense 
bone. 

Bones  of  the  Face. — The  most  important  of  these 
are  the  two  upper  maxillary  (L.  maxilla,  jaw-bone)  or 
upper  jaw-bones.  They  present  below  a  crescentic  mar- 
gin, containing  the  sockets  in  which  the  upper  teeth  are 
lodged,  and  the  greater  part  of  the  hard  palate  (fig.  6, 
S}))  is  formed  by  two  shelf-like  outgrowths  from  them, 
which  meet  one  another  in  the  middle  line.  The  upper 
maxillary  bones  also  assist  in  bounding  the  orbits  and 
wall  in  the  nasal  cavities  outside  and  below.  The  lower 
and  outer  walls  and  margins  of  each  orbit  are  completed 
by  a  thick,  strong  malar  (L.  Jiiala,  cheek)  or  cheek-bone, 
which  unites  behind  with  the  zygoma  to  complete  the 
zygomatic  arch.  Another  and  very  small  bone,  the 
lachrymal  (L.  lachryma,  tear),  makes  up  a  small  part  of 
the  inner  wall  of  the  orbit,  just  within  the  margin.  It 
is  grooved  so'  as  tO'  allow  of  the  passage  of  a  little  tube, 
the  lachrymal  duct,  which  conducts  tears  into  the  nose. 

Several  small  bones  connected  with  the  nasal  cavities 
have  to  be  mentioned.  Two  curved  nasal  bones  help  to 
roof  them  in,  and  a  vertical  plate  of  bone,  named  from 
its  shape  in  side  view,  the  vomer  (L.  vomer,  ploughshare), 
stretches  from  the  under  side  of  the  sphenoid  and  vertical 
ethmoid  plate  to  the  upper  side  of  the  bony  palate.  The 
sharp  end  of  the  vomer  is  directed  forwards,  and  it 
largely  makes  up  the  bony  part  of  the  partition  between 
right  and  left  nasal  cavities.  An  elongated  inferior 
(L.  inferus,  below)  spongy  bone  projects  into  each  of 
these  cavities  from  its  outer  wall,  below  the  lateral 
mass  of  the  ethmoid.  Lastly,  there  is  an  irregular  palate 
bone  on  each  side,  consisting  of  a  vertical  plate,  which 
forms  part  of  the  outer  wall  of  the  corresponding  nasal 
.  cavity,  and  a  horizontal  shelf,  which  makes  up,  -with  its 
fellow,  the  posterior  part  of  the  bony  palate  (fig.  6). 

The  large  and  strong  lower  maxillary  bone  or  lower 
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jaw  consists  of  a  horseshoe-shaped  part  in  which  the  lower 
teeth  are  embedded,  and  of  a  nearly  vertical  ramus  (L. 
for  branch)  at  each  end  of  this.  In  side  view,  therefore, 
the  lower  jaw  is  somewhat  l  shaped  (fig.  5.)  At  the 
top  of  each  ramus  there  is  a  smooth,  elongated  condyle, 
which  fits  into  the  corresponding  glenoid  fossa.  A  large 
coronoid  process  (L.  corona, crown;  Gk.  eidos,  resemblance) 
projects  from  the  front  of  the  ramus.  In  a  dog  or  cat 
the  lower  jaw  can  only  move  up  and  down  like  a  hinge, 
the  condyle  on  each  side  being  transverse  and  forming 
a  hinge-joint  with  its  glenoid  cavity.  But  in  man  the 
condyles  are  placed  obliquely  so  that  the  lower  jaw  can 
be  moved  from  side  to  side,  or  forwards  and  backwards, 
as  well  as  up  and  down.  This  enables  the  food  to  be 
very  thoroughly  cheAved. 

Number  of  Bones  in  the  Skull. — There  are  8 
bones  in  the  cranium  (not  including  the  minute  ear- 
bones),  i.e.  4  unpaired — frontal,  occipital,  sphenoid, 
ethmoid;  and  2  paired — parietal  and  temporal.  The 
bones  of  the  face  are  14  in  number,  i.e.  2  unpaired — 
vomer,  inferior  maxillary ;  and  6  paired — superior  maxil- 
lary, malar,  lachrymal,  nasal,  inferior  spongy  bone,  and 
palate  bone. 

Hyoid  Bone. — In  connection  with  the  skull  it  is 
convenient  to  deal  with  the  bone  Avhich  receives  its  name 
from  its  resemblance  to  the  Greek  u  {Gk.  v,  \\\  eidos). 
It  is  situated  at  the  root  of  the  tongue  with  the  legs  of 
the  V  directed  backwards  and  upwards,  and  its  curved 
front  part  ('body ')  can  be  felt  below  the  jaw  just  above 
the  projection  known  as  '  Adam's  apple ',  Avhich  is  part 
of  the  organ  of  voice  or  larynx  (Gk,  laru{n)gx,  throat). 

BACKBONE,  SPINE,  OR  VERTEBRAL  COLUMN. 

General  Structure. — The  backbone  (figs.  1  and 
7)  is  a  hollow  curved  rod  made  up  of  a  number  of 
bones  placed  one  on  top  of  the  other  and  locked  to- 
gether in  such  a  M^ay  as  to  combine  strength  Avith  a 
certain  amount  of  flexibility.     Its  curved  shape  makes 
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Atlas  Vertebra 
Axis  Vertebra  i 


Back 


it  very  much  stronger  than  it  would  be 
also  converts  it  into  a 
spring  by  which  shocks 
are  broken  instead  of 
being  transmitted  up- 
wards to  the  brain.  It 
should  also  be  noticed 
that  the  backbone  broad- 
ens out  below,  which 
enables  it  more  easily  to 
bear  the  weight  of  the 
body. 

Vertebrae.  —  This 
name  (from  L.  verto,  I 
turn)  is  given  to  the 
pieces  which  make  up 
the  backbone  because 
they  allow  of  a  certain 
amount  of  twisting  move- 
ment, especially  in  the 
neck  and  loins.  33  ver- 
tebrae can  be  recognized 
in  all,  (a)  7  cervical  (L. 
cervix,  neck)  or  neck  ver- 
tebrae; {h)  1 2  rib-bearing, 
thoracic,  or  chest  verte- 
brae; (c)  5  lumbar  (L. 
lumbus,  loin)  or  loin  ver- 
tebrae; (d)  5  sacral  ver- 
tebrae, closely  fused  to- 
gether into  a  broad  bone, 
the  sacrum  (L.  os  sacrum, 
sacred  bone,  from  sup- 
posed occult  properties), 
and  (e)  4  small  coccygeal 
or  tail  vertebrae  fused 
into  a  little  curved  bone, 
the  coccyx  (Gk.  for  cuckoo),  so  named 
resemblance  to  a  cuckoo's  beak. 


if  straight,  and 


The  first  seven 
Vertebrae  be- 
long to  the 
neck,  and  are 
called  Cervi- 
calVertebrae. 


The  next 
twelve  Verte- 
brae are 
Front  known  as  the 
Thoracic  Ver- 
tebrae. 

[Twelve  ribs 
are  joined  to 
these  on  each 
side.] 


r 


The  remaining 
five  separate 
Vertebrae  are 
called  Lum- 
bar or  Loin 
Vertebrae. 


Sacrum 


Coccyx  ' 

Fig.  7.— The  Vertebral  Column. 

from  a  fanciful 


28 


ELEMENTARY  PHYSIOLOGY. 


Parts  of  a  Vertebra.— One  of  the  thoracic  may 
conveniently  be  taken  as  an  example  (fig.  8).  It  is  a  ring 
of  bone,  the  cavity  of  which  (A)  forms  part  of  the  spinal 
canal.  The  front  of  the  ring  is  very  much  thickened 
both  from  front  to  back  and  from  top  to  bottom  (a) 
into  the  body  or  centrum  of  the  vertebra.  The  Ijodies  of 
successive  vertebrae  are  placed  on  top  of  one  another  like 
a  pile  of  pill-boxes  filled  with  sponge  (to  represent  the 
internal  spongy  bone).  Their  surfaces  are  not,  however, 
in  contact  but  are  separated  by  pads  of  cartilage,  which 

alloAV  of  a  limited  amount  of  move- 
ment and  also  act  like  '  buffers  '  in 
^  preventing  jolts.  These  pads  are 
^-  known,  from  their  position,  as  in- 
tervertebral discs  (L.  inter,  be- 
tween). 

The  posterior  part  of  the  verte- 
bral ring,  the  neural  arch  (fig.  8,  be 
c),  bounds  part  of  the  sides  and 
Fig.  8.— A  Thoracic  Vertebra,     baclv  of  the  spiual  caual.  From  it  a 

number  of  projections  or  processes 
arise.  vSome  of  these,  the  articular  processes  (/?)  lock 
the  arch  Avith  its  neighbours — others,  the  transverse 
processes  (e),  at  the  sides,  and  the  neural  spine  (d)  at 
the  back,  increase  the  surface  to  which  muscles  can  be 
attached,  and  are  firmly  united  by  ligaments  (cp.  p.  17) 
Holes,  the  invertebral  foramina,  through  which  the  spinal 
nerves  run,  are  left  between  successive  arches. 

Differences  between  Vertebrae. — ^The description 
just  given  will  apply  in  the  main  to  the  lumbar  vertebrae 
and  the  last  five  of  the  cervical.  The  two  first  cer^dcal 
vertebrae  are,  however,  modified  in  such  a  manner  as  to 
let  the  head  move  very  freely  on  the  neck.  The  upper 
of  these  two  vertebrae  is  called  the  atlas  (fig.  9),  a  name 
fancifully  given  because  it  supports  the  rounded  sladl 
as  the  giant  Atlas  was  supposed  by  the  ancients  to 
support  the  globe.  The  skull,  in  fact,  is  balanced  on  the 
top  of  the  atlas  Avith  so  near  an  approach  to  accuracy 
that  very  little  effort  is  necessary  to  keep  it  held  up. 
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Pig.  9.— Top  View  of  Atlas  Vertebra. 

a,  i.  The  two  smooth  hollows  on  which  the  skull 
rests;  c,  the  hollow  or  groove  in  which  the 
odontoid  peg  of  the  axis  fits. 


  w 

The  balance  is  not,  however,  quiie  accurate.  There  are 
two  smooth  cups  which  receive  the  occipital  condyles 
(p.  23),  and  form  with  them  a  hinge-joint  which  allows 
nodding  movements  to  be  freely  executed.  The  atlas  is 
more  like  a  ring  than  any  of  the  other  vertebrae.  By 
means  of  a  transverse 
ligament  the  cavity  of 
the  ring  is  divided  into 
a  large  back  part  (spinal) 
and  a  small  front  part 
thi'ough  which  a  bony 
peg  passes.  This  peg, 
the  odontoid  process 
(Gk.  odous,  udmtds,  tooth; 
eidds,  resemblance)  pro- 
jects from  the  body  of 
the  second  or  axis  vertebra,  so  named  because  it  consti- 
tutes a  pivot  or  axis  on  which  the  skull  with  the  atlas 
can  turn  from  side  to  side.  The  peg  is  firmly  held  in 
place  by  ligaments,  some  of  Avhich,  the  '  check '  liga- 
ments, run  from  it  to  the  occipital  bone.  There  are 
smooth  surfaces  upon  it 
which  play  against  corre- 
sponding ones  on  the  atlas, 
making  the  movements  easy. 
The  odontoid  peg  is  really 
a  part  of  the  atlas  which 
has  fused  Avith  the  body  of 
the  axis.  This  is  proved 
by  the  way  it  develops  and 
by  comparison  with  certain 
other  animals.  It  is  also 
worth  noting  that  the  atlas  has  scarcely  any  neural  spine, 
as  this  would  interfere  Avith  backward  movements  of  the 
head,  while  its  transverse  processes  are  very  large  for 
the  attachment  of  muscles  which  help  to  move  the  head. 
For  the  same  reason  as  the  last  the  spine  of  the  axis  is 
specially  large.  This  is  also  the  case  with  the  spine 
of  the  seventh  cervical  vertebra,  from  which  an  elastic 
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-AxiB  Vertebra, 
process. 


Back 


Od,  Odontoid 
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ligament  (ligamentum  ]iucliae  =  L.  for  neck  ligament) 
runs  to  the  skull  and  assists  in  keeping  the  head  erect. 

This  ligament  is  immensely  developed  in  such  animals 
as  the  ox,  where  the  work  of  keeping  the  head  horizontal 
by  muscular  effort  alone  would  be  too  exacting.  It  is 
called  by  butchers  the  "pax  wax". 

RIBS  AND  STERNUM. 

Together  with  the  thoracic  vertebrae  these  constitute 
a  bony  cage  by  which  the  walls  of  the  thorax  are  sup- 
ported and  protection  given  to  the  important  organs 
contained  in  this  region  (figs.  4  and  11). 

Breastbone  or  Sternum  (Gk.  sternon,  breast). — 
This  is  a  flat  bone  running  clown  the  middle  of  the 
thoracic  wall  (fig.  11).  Its  ujjper  end  (o)  is  broadened 
out  to  support  the  collar-bones,  and  a  piece  of  cartilage 
(q)  is  attached  to  its  lower  end. 

Ribs  (fig.  11). — These  are  12  pairs  of  long  curved 
bones,  with  sharp  edges  above  and  below,  and  flat  sur- 
faces externally  and  internally.  Each  rib  is  jointed  on 
to  the  backbone  behind  and  has  a  costal  cartilage  (c) 
attached  to  it  in  front.  The  curved  form  of  the  ribs 
gives  them  great  strength  and  elasticity,  thus  enabling 
the  chest  to  mthstand  without  injury  very  hard  blows 
or  considerable  23ressure.  The  first  seven  pairs  of  ribs 
(1-7)  are  termed  'true',  because  their  cartilages  are 
united  directly  to  the  sternum.  These  ribs  increase  in 
length  from  first  to  seventh,  so  as  to  increase  the  volume 
of  the  thorax.  As  a  consequence  of  this  the  sternum, 
as  seen  in  side  view,  is  directed  not  only  downwards 
but  also  somewhat  outwards.  The  last  five  pairs  of 
ribs,  known  as  '  false ',  because  their  cartilages  do  not 
unite  directly  with  the  sternum  (see  fig.  11),  decrease  in 
length  from  above  downwards.  The  last  two  pairs  (/,/) 
are  termed  'floating'  ribs  because  their  front  ends  are 
only  supported  by  muscle.  The  cartilages  of  the  first 
three  pairs  of  false  ribs  are  connected  with  those  of  the 
last  pair  of  true  ribs  (see  fig.  11). 
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Movements  of  Wall  of  Thorax  during  Breath- 
ing.—It  is  not  enough  that  the  walls  of  the  thorax 
should  be  firm  and  strong,  they  must  also  be  able  to 
move  so  as  to  alter  its  volume,  as  otherwise  the  passage 
of  air  into  and  out  of  the  lungs  which  occurs  in  breath- 
ing would  be  impossible. 
The  ribs  and  sternum  can 
be  moved  in  such  a  way 
that  the  size  of  the  chest 
from  side  to  side  and  front 
to  back   alternately  in- 
creases   and  diminishes. 
It  must  be  remembered 
that,  in  a  state  of  rest 
(fig.   11),  the  ribs  slant 
clo-\vnwards  and  forwards 
from  back  to  front.  They 
are  hinged  upon  the  back- 
bone, which  is  relatively 
fixed.    It  is  clear  that  if 
the  ribs  with  the  sternum 
are  swung  upwards  upon 
these  hinges  the  size  of 
the  chest  must  be  increased 
from  back  to  front.  This 
actually    occurs  during 
inspiration   (L.   in,  in; 
sjjiro,  I  breathe)  or  breath- 
ing in  of  air,  as  may  be 
seen  by  watching  another 
person's  chest  or  placing 
a  hand  upon  one's  own 
chest.  During  this  upward 
movement  the  chest  also  increases  in  volume  from  sido 
to  side,  as  may  be  realized  by  placing  a  thumb  on  each 
side  of  the  chest  and  taking  a  deep  breath,  when  the 
thumbs  will  be  forced  outwards.    This  results  from  the 
fact  that  during  inspiration  each  rib  rotates  upwards 
on  an  axis  corresponding  to  the  line  joining  its  ends. 


Fig.  11.— The  Thorax. 

The  upper  vertebrae  enclosed  in  brackets  are 
cervical,  the  lower  lumbar,  p'.  Clavicle ; 
s  t,  scapula ;  8*  s'",  glenoid  cavity ;  «",  acro- 
mion.  Other  letters  explained  in  text. 
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When  air  is  expired  (L.  eo:,  out;  spiro,  I  breathe)  or 
breathed  out,  movements  take  place  which  are  the  oppo- 
site of  those  just  described. 

Intercostal  Muscles  (L.  inter,  between,  mta,  rib) 
—  ihe  spaces  between  the  ribs  are  filled  up  by  oblique 
muscle  fibres  to  which  this  name  has  been  applied 
There  are  two  layers  of  these  muscles,  an  outer,  the 


Fig.  12.— Model  to  illustrate  Respi- 
ratory Movements  of  Chest,  arranged 
to  demonstrate  action  of  External 
Intercostals. 

A  B,  Relatively  fixed  bar  representing 
backbone ;  e  f,  g  h,  laths  representing 
ribs,  and  pivoted  at  e,  f,  g,  h;  cn, 
movable  rod  representing  sternum ; 
11  is  an  elastic  band  on  the  stretch) 
representing  external  intercostals. 
The  band  in  shortening  pulls  the  mov- 
able rod  up  into  position  indicated 
by  dots,  a  weiglit  w  being  adjusted  to 
prevent  too  great  elevation.  To  de- 
monstrate action  of  internal  inter- 
costals 1  1  is  removed,  the  rods  are 
placed  in  dotted  position,  and  kept 
there  by  a  second  weight  at  end  of 
a  thread  passing  from  the  hook  Bk 
over  the  pulley  p.  A  second  elastic 
baud,  shorter  than  the  distance  2'  2', 
is  then  attached  to  pegs  at  the  points 
2',  2'.  By  its  shortening  the  movable 
rod  is  pulled  down.  Note  that  1'1'is 
shorter  than  1 1,  and  2.2  than  2' 2'. 


external  intercostals,  in  which  the  fibres  run  downwards 
and  forwards,  and  an  inner,  the  internal  intercostals, 
with  fibres  running  in  the  contrary  direction.  The  two 
sets  of  fibres  consequently  cross  one  another  like  the 
two  strokes  of  an  X.  In  order  to  understand  the  action 
of  these  fibres  it  must  be  remembered  that  when  a 
muscle  contracts  (p.  14)  it  becomes  shorter  and  tends  to 
bring  together  the  parts  to  which  its  ends  are  attached. 
By  means  of  a  simple  model  devised  more  than  a  century 
and  a  half  ago,  and  depicted  in  fig.  12,  it  may  be  shown 
that  the  external  intercostals  raise  the  ribs,  and  are 
therefore  inspiratory  muscles,  while  the  internal  inter- 
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costals  pull  them  down,  and  are  therefore,  probably, 
expiratory  muscles.  Expiration,  however,  is  largely  a 
matter  of  return  to  the  position  of  rest  as  a  result  of  the 
elasticity  of  the  parts,  aided  by  their  weight. 

SKELETON  OF  UPPER  LIMB. 

Shoulder  Girdle  (figs.  4,  11,  13). — This  consists  of 
collar  bone  or  clavicle,  and  shoulder  blade  or  scapula. 

The  former,  named  from  its  resemblance  to  an  antique 
key  (L.  davicuhis,  a  small 
stretching  horizontally  from 
the  broad  upper  end  of  the 
sternum  to  the  scapula.  It 
supports  the  shoulder,  and 
as  in  other  cases  the  curved 
shape  gives  greater  strength 
and  elasticity,  enabling  it 
both  to  stand  considerable 
shocks  and,  like  a  spring, 
to  break  their  force.  As 
the  important  blood-vessels 
and  nerves  of  the  arm  pass 
under  it  this  is  a  matter 
of  great  importance.  The 
scapula  (L.  name)  is  a 
triangular  bone  (fig.  13) 
situated  at  the  back  of 
the  thorax,  with  its  shortest  side  directed  upwards. 
Powerful  muscles  for  moving  the  arm  are  attached  to 
it,  ])esides  which  it  furnishes  a  shallow  cup,  the  g-lenoid 
cavity,  to  which  the  bone  of  the  upper  arm  is  articu- 
lated. The  outer  end  of  the  clavicle  is  connected 
with  an  arched  process  of  the  scapula  known  as  the 
acromion  (Gk.  abSn,  top ;  omds,  shoulder)  because  it 
forms  the  top  of  the  shoulder.  It  is  the  free  end  of  a 
prominent  ridge  or  'spine'  Avhich  runs  across  the 
scapula,  and  it  protects  the  shoulder  joint  besides  pre- 
venting dislocation  in  an  upward  direction. 

(  M  2C)  C 


key),  is  an  /-shaped  bone 


Fig.  13.— Outer  Surface  of  the  Right  Scapula 
or  Shoulder  Blade. 

Sp,  Spine ;  Ac,  acromion. 
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Free  Limb  (figs.  14-16). — The  humerus  (L.  humerus, 
shoulder)  or  upper  arm  bone  (fig.  14)  consists,  like  all 
long  bones,  of  a  shaft  and  two  enlarged  articular  ends 
which  help  to  form  joints.  It  is  also  convenient  in  a 
case  like  this  to  call  the  end  nearer  the  body  iTroximal 
proxime  next)  and  the  other  end  distal  (L.  distans, 
distant).  The  proximal 
end  of  the  humerus  is 
mainly  constituted  by  a 
large  rounded  surface 
known  as  the  head, 
which  articulates  with 
the  glenoid  cavity  to 
form  a  ball-and-socket 
joint.  The  head  is 
much  larger  than  the 
cavity  and  this  enables 
very  extensive  move- 
ments to  be  executed, 
but  at  the  same  time 
makes  the  shoulder 
joint  easy  to  put  out. 
Note  also  that  the  head 
is  set  on  obliquely  so  as 
to  facilitate  a  rotatory 
movement  inwards, 
which  is  specially  useful 
in  the  case  of  the  arm. 
The  distal  end  of  the 
humerus  presents  a 
smooth  pulley-shaped  surface  for  articulation  with  the 
radius  and  ulna. 

Radius  and  Ulna  (fig.  15).— These  bones  respec- 
tively support  the  thumb-side  and  little-finger-side  of 
the  forearm.  The  radius  (L.  for  spoke  of  a  wheel)  has 
a  small  proximal  end  ('head')  upon  which  is  a  shallow 
cup  for  articulation  with  part  of  the  pulley-shaped  end 
of  the  humerus.  The  distal  end  of  the  radnis  broadens 
out  to  form  a  support  for  the  greater  part  of  the  hand. 


Fig.  14.— Humerus. 

H,  head;   S,  scapula; 
61,  glenoid  cavity. 


Fig.  15.— Bones  of 
Forearm. 

R,  Radius,  with 
he.ad  H  ;  U,  ulna, 
with  head  H'  and 
olecranon  01. 
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The  ulna,  as  its  name  implies  (Gk.  olene,  elbow),  plays 
an  important  part  in  the  formation  of  the  elbow,  its 
large  proximal  end  articulating  by  means  of  a  deep 
smooth  cavity  with  the  greater  part  of  the  pulley-like 
surface  presented  by  the  humerus.  Behind  this  cavity 
the  ulna  is  produced  into  a  large  process,  the  olecranon 
(Gk.  dime,  elbow;  bunds,  helmet),  which  constitutes  the 
sharp  point  of  the  bent  elbow.  It  gives  attachment  to 
an  important  muscle  by  which 
the  arm  is  straightened,  pro- 
tects the  elbow-joint,  and  pre- 
vents the  forearm  from  being 
bent  back  too  far.  The  com- 
paratively small  distal  end 
('head')  of  the  ulna  helps  to 
support  the  Avrist. 

Supination  and  Prona- 
tion.— A  very  perfect  hinge- 
joint  is  formed  by  the  union 
of  the  humerus  and  ulna,  but 
the  head  of  the  radius  is  so 
constructed  as  to  allow  of  a 
certain  amount  of  twisting 
movement.  Keep  the  upper 
arm  still  and  turn  the  palm 
upwards  (supine  position)  as 
in  the  right  arm  of  fig.  4.  The 
radius  and  ulna  are  now  parallel  and  the  thumb  is  outside. 
Now  turn  the  back  of  the  hand  upwards  (prone  position) 
like  the  left  arm  in  fig.  4.  By  this  movement  the  radius, 
carrying  the  hand  with  it,  will  have  been  twisted  over 
the  ulna,  bringing  the  thumb  to  the  inner  side.  During 
the  twisting  a  smooth  surface  running  round  the  head 
of  the  radius  plays  in  a  smooth  hollow  on  the  inner  side 
of  the  ulna. 

The  wrist  (fig.  16,  1-8)  is  supported  by  8  small 
irregular  carpal  bones,  collectively  termed  the  carpus 
(Gk.  karpus,  wrist),  which  are  articulated  together  so  as 
to  combine  strength  with  great  flexibility.    The  presence 


Fig.  16.— Bones  of  the  Hand,  from 
behind. 


A  dotted  line  leading  to  4  shows  the 
position  of  one  carpal  bone,'which 
can  be  seen  oulj'  from  the  front. 
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of  SO  many  bones  is  also  of  importance  in  preventing 
jarring  from  the  shocks  to  which  the  hand  is  especially 
liable. 

The  5  slender  metacarpal  bones  (fig.  16,  m)  collec- 
tively called  the  metacarpus  (Gk.  m&ta,  next ;  karjjos),  which 
support  the  undivided  part  of  the  hand  are,  like  other 
long  bones,  made  up  of  central  shafts  and  swollen  articu- 
lar ends  which  enter  into  joints.  The  first  metacarpal, 
which  is  the  one  supporting  the  thumb,  articulates  with 

a  saddle-shaped  surface 
on  one  of  the  carjDal 
bones.  This  allows  of 
very  great  freedom  of 
movement,  so  that  the 
thumb  can  be  opposed 
to  the  other  digits,  thus 
enabling  a  number  of 
useful  movements  to  be 
executed,  which  would 
otherwise  bo  difficult  or 
impossible.  This  may 
be  realized  by  attempt- 
ing to  i^ick  up  a  pin  with 
the  fingers  of  one  hand. 
The  digits  are  comi^leted  by  small  bones,  phalanges 
(fig.  16,  2^),  similar  to  but  shorter  than  the  metacarpals. 
There  are  two  phalanges  for  the  thumb  and  three  for 
each  of  the  fingers.  The  end  phalanges  are  the  smallest 
and  their  free  extremities  are  thick  and  rough  so  as  to 
better  support  the  tips  of  the  digits.  Owing  to  the 
inequality  in  length  of  thumb  and  fingers  their  tips  can 
all  be  easily  brought  together  in  a  way  Avhich  is  of  use 
for  innumerable  purposes. 

SKELETON  OF  LOWER  LIMB. 

Hip  Girdle.— This  is  constituted  on  each  side  by  a 
large  irregular  bone,  the  OS  innominatum  (L.  for  un- 
named bone)  closely  united  with  its  fellow  and  with  the 


Fig.  17.— The  Pelvic  Bones. 

L,  Lumbar  vertebrae;  S,  sacrum;  C,  coccyx; 
0.  i.,  OS  innominatum;  A,  acetabulum. 
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sacrum  to  form  an  arch-like  structure,  the  pelvis,  so 
named  from  its  resemblance  to  a  basin  (L.  pelvis,  basin). 
The  sacrum  is  the  keystone  of  this  arch,  which  supports 
the  weight  of  the  trunk,  and  transmits  it  to  the  thigh- 
bones. On  the  outer  side  of 
each  innominate  bone  there 
is  a  deep  cavity,  the  aceta- 
bulum (L.  for  vinegar  cup), 
with  which  the  thigh-bone  ar- 
ticulates. Important  organs 
are  contained  in  the  cavity 
of  the  pelvis,  and  are  thus  to 
a  large  extent  protected. 


Fig.  18.— Leg  Bones. 


F.  Femur,  H,        ;  Lg.  H^mejU ; 

^/^^  ^^"^^  18-20).— The  thigh-bone  or  femur 
(L.  for  thigh),  is  the  longest  and  strongest  in  the  l)ody. 
It  corresponds  to  the  humerus,  and  like  it  consists  (fig.  18) 
of  a  proximal  end  provided  with  a  rounded  head,  a 
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shaft,  and  a  pulley-like  distal  end.  The  smooth  glol)ular 
head  is  not  placed  m  a  line  Avith  the  shaft  ljut  on  the 
end  of  an  oblique  '  neck '.  The  result  of  this  arrange- 
ment IS  to  keep  the  legs  wider  apart,  thus  making  it 
easier  to  balance  the  body— to  form  an  arch  hy  which 
the  Av^eight  of  the  body  is  transmitted  to  the  legs— and 
to  afford  more  advantageous  attachments  for  muscles. 

Hip-joint.— In  comparing  this  ^yith  the  shoulder 
joint  the  first  noteworthy  point  is  the  depth  of  the  cup- 
like acetabulum,  as  compared  with 
the  shallow  glenoid  cavity.  In 
fact  the  head  of  the  femur  fits  so 
accurately  into  its  socket  that  at- 
mospheric pressure  alone  is  suffi- 
cient to  keep  it  in  place  and  to 
support  the  weight  of  the  leg.  The 
joint  is  also  kept  firm  by  ligaments, 
one  of  which,  the  round  ligament 
(ligamentum  teres)  runs  from  the 
head  of  the  femur  to  the  aceta- 
bulum (fig.  18).  The  result  of  the 
arrangements  described  is  to  some- 
what limit  the  freedom  of  move- 
ment at  the  hip  as  compared  -sWth 
the  shoulder,  while  at  the  same 
time  there  is  greater  firmness  and 
far  less  likelihood  of  didocation. 

Tibia  and  Fibula  (fig.  18). 
The  tibia  is  much  the  larger  of 
these  two  bones.  Its  proximal  end 
is  a  broad  head  which  articulates  with  the  femur,  while 
its  rather  narrower  distal  end  plays  an  important  part 
in  the  formation  of  the  ankle-joint.  The  slender  fibula 
presents  a  small  head  above,  which  does  not,  however, 
help  to  form  the  knee-joint.  Its  lower  end  is  somewhat 
broader  and  enters  into  the  ankle-joint. 

Knee-joint  and  Patella. — The  knee,  like  the  elbow, 
is  a  hinge-joint,  which,  however,  is  here  protected  in 
front  by  a  special  bone,  the  knee-pan  or  patella  (fig.  18), 


Fig.  19.— Bones  of  the  Foot. 
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which  also  gives  a  better  leverage  to  the  muscles  which 
straighten  the  leg. 

The  bones  of  the  ankle  or  tarsus  (Gk.  tarsds,  ankle) 
are  seven  in  number  (fig.  19,  1-7).  They  are  much 
stronger  and  more  massive  thaji  the  wrist-bones,  as  they 
have  to  support  the  weight  of  the  body,  but,  as  in  the 
case  of  the  wrist,  flexibility  and  power  of  breaking 
shocks  result  from  the  presence  of  a  number  of  bones 
jointed  together.  The  two 
largest  of  these  bones  are  the 
huckle-bone  or  astragalus 
(Grk.  astragalds,  ankle-bone) 
which  has  a  pulley-like  sur 
face  above  for  articulation 
with  the  leg-bones 

(fig      ^ '  ' 
fig. 


Fig.  20.— Bones  of  the  Foot,  from  the  side. 

A,  Tibia;  b,  astragalus;  c,  os  calcis;  d  and  e,  other  tarsal  bones;  f,  metatarsal  bone  of 
great  toe;  o  and  h,  phalanges  of  great  toe. 

and  the  heel-bone  or  calcaneum  (L.  calx,  calcis,  heel),  which 
projects  backwards  to  form  the  heel  (fig.  19,  1 ;  fig.  20,  c). 

The  metatarsals  (fig.  19,  m)  and  phalanges  (fig.  19,  p), 
which  constitute  the  framework  of  the  toes,  are  the 
same  in  number  as  the  corresponding  bones  of  the 
fingers  (p.  35),  but  the  proportions  are  very  different. 
The  great  toe  is  relatively  very  large  (figs.  19  and  20), 
and  cannot  be  opposed  to  the  other  digits,  while  the 
phalanges  are  comparatively  short. 

Arches  of  the  Foot. — As  may  be  seen  from  fig.  20 
the  tarsus  and  metatarsus  together  are  arranged  as  a 
flexible  arch  from  before  backwards,  and  a  similar  arch 
from  side  to  side  is  formed  by  the  tarsal  bones.  This 
flexible  double  arch  combines  great  strength  with  a 
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large  amount  of  springiness.  It  is  worth  noting  that 
the  parts  of  the  foot  which  touch  the  ground  are  the 
heel,  outer  side,  and  toes.  The  great  toe,  in  particular, 
has  a  great  deal  to  do  with  supporting  the  Aveight  of  the 
body. 

JOINTS. 

The  connections  between  the  bones  and  cartilages  of 
which  the  skeleton  mainly  consists  are  known  as  joints 
or  articulations  (L.  articulus,  joint),  and  they  are  roughly 
divisible  into  imperfect  and  perfect. 

Imperfect  Joints  allow  of  no  movement  at  all,  as  in 
the  case  of  the  union  by  suture  of  the  skull  bones — or 
else  of  limited  movement,  like  that  permitted  between 
the  vertebrae  (p.  28). 

Perfect  Joints  are  all  distinguished  by  the  fact  that 
they  present  smooth  cartilage-covered  surfaces  playing 

against  one  another. 
'  The  passage  of  the 

smooth  surfaces  o\'er 
one  another  is  ren- 
dered still  freer  by 
the  presence  of  a 
sjmovial  (Grk.  sim, 
with,  (Mil,  egg)  mem- 
brane, which  covers 
them  and  produces 
a  small  amount  of 
lubricating  synovial  fluid,  popularly  termed  '  joint  oil ', 
though  not  of  an  oily  nature.  The  membrane  forms  a 
sort  of  bag  placed  between  the  opposed  surfaces  (fig.  21), 
but  under  ordinary  circumstances  the  cavity  of  the  bag 
is  reduced  to  almost  nothing.  As  in  the  case  of  some 
imperfect  joints  the  parts  are  connected  together  by 
strong  connective  tissue,  bands,  or  ligaments  of  very 
varying  shape.  Perfect  joints  are  of  various  kinds, 
according  to  the  kind  of  movement  allowed  by  the  shape 
of  the  articular  surfaces.  The  most  important  are  the 
following.    (1)  Hinge-joints,  such  as  those  at  the  elbow, 


BONE 


Fig.  21.- 


Diagranimatic  Section  through  a 
Synovial  Joint. 


The  articular  ends  of  the  bones  are  covered  by  cartilage 
(dotted  in  the  fig.),  and  they  are  pulled  ajjart  so  as  to 
show  the  synovial  membrane,  which  is  indicated  by  a 
thick  black  line ;  s  s,  cavity  of  the  synovial  sac. 
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knee,  and  ankle,  where  pulley-shaped  surfaces  M^ork  m 
corresponding  hollows  and  allow  of  alternate  bending 
(flexion)  and  straightening  (extension).  Another  exam- 
ple is  the  joint  between  the  occipital  bone  and  atlas.  A 
A-ariety  of  this  kind  of  union  is  found  in. the  doublehixige 
joint,  where  two  saddle-shaped  surfaces  play  against 
one  another,  as  is  the  case  with  the  metacarpal  of  the 
thumb  and  its  corresponding  carpal  bone;  (2)  Ball-and- 
socket  joints,  hke  those  of  the  shoulder  and  hip,  allow 
of  movement  in  all  directions,  a  rounded  surface  fitting 
into  a  cup;  (3)  Pivot  joints  permit  of  rotation,  as  best 
seen  in  the  joint  between  atlas  and  axis,  where  the 
odontoid  process  of  the  latter  constitutes  the  pivot. 
There  is  also  a  pivot  joint  at  the  elbow,  between  humerus 
and  radius,  in  virtue  of  which  the  forearm  can  be  brought 
into  the  position  of  pronation  (p.  35). 

BONES  AS  LEVERS.    MUSCLES  AND  MUSCULAR 
MOVEMENTS. 

A  general  idea  of  the  nature  of  muscles  has  already 
been  given  (p.  14),  as  well  as  an  example  of  their  action 
(p.  32)  in  bringing  about  movement.  A  few  further 
details  may  noAv  be  entered  upon.  The  diflferent  move- 
ments of  the  limbs,  for  instance,  are  brought  about  by 
the  action  of  very  numerous  muscles  varying  in  size  and 
shape,  and  attached  to  the  bones.  In  all  cases  the  con- 
traction of  any  special  muscle  means  that  the  two  bones 
to  which  it  is  attached  are  brought  closer  together,  the 
exact  nature  of  the  movement  depending  on  the  kind  of 
joint  between  the  bones.  Some  240  distinct  muscles 
exist  in  the  human  body,  and  of  these  126  belong  to 
the  head,  neck,  and  trunk,  112  to  the  limbs. 

Biceps  Muscle  (fig.  22). — This  may  be  taken  as 
an  example  of  a  Hmb  muscle.  It  is  a  spindle-shaped 
piece  of  flesh  readily  felt  in  the  front  of  the  upper  arm. 
Its  use  is  to  flex  or  bend  the  arm  by  its  contraction, 
and  the  shortening  with  corresponding  thickening  which 
takes  place  during  this  process  may  readily  be  noted  in 
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tlie  position  indicated  when  the  forearm  is  bent  up. 
The  muscle  is  covered  by  a  firm  sheath  of  connective 
tissue,  and  when  this  is  dissected  away  it  can  be  divided 
into  a  number  of  smaller  parts  running  longitudinally 
and  also  invested  by  connective  tissue.    Each  of  these 
parts  again  is  a  bundle  or  fasciculus 
(L.  for  small  bundle)  of  minute  cylin- 
drical threads  termed  muscle  fibres,  the 
presence   of  which  gives   a  kind  of 
'grain'  to  the  flesh.    Connective  tissue 
penetrates  into  the  muscle  bundles,  and 
in  the  supporting  framework  constituted 
hy  this  tissue  ^Adthin  and  between  the 
bundles  blood-vessels  and  nerves  branch. 
As  will  be  seen  from  fig.  22  the  central 
Jij^,  thick  part  (belly)  of  the  biceps  is  divided 
into  two  longitudinally,  each  half  taper- 
ing above  into  a  strong  fibrous  cord  of 
bluish-white  colour,  known  as  a  tendon 
and   attached   to  the  scapula.  The 
biceps  tapers  below  into  a  third  tendon 
which  is  fixed  to  the  upper  end  of  the 
radius.     Tendons  somewhat  resemble 
ligaments,  being,  like  them,  made  of 
dense  fibrous  connective  tissue.  Their 
use  is  to  enable  a  large  number  of 
muscles  to  be  attached  to  a  compara- 
tively small  surface  of  bone,  an  arrange- 
ment which  favours  compactness  and 
enables  a  muscle  Avith  a  long  slender 
tendon  to  act  from  a  considerable  dis- 
tance.   The  hand,  for  example,  would 
be  a  large  and  clumsy  structure  if 
all  the  muscles  which  move  it  Avere  attached  directly  to 
its  bones.    As  it  is  many  of  these  are  situated  in  the 
forearm  and  only  their  slender  tendons  are  found  in  the 
hand  itself,  Avhere  they  may  readily  be  felt  as  firm 

cords  (fig.  23).  i  j  ^ 

In  a  muscle  such  as  the  biceps  the  end  attached  to  the 


Fig.  22.— Biceps  Muscle 
of  the  Arm. 

B  b',  Belly;  o  o',  origin; 
I,  insertion. 
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relatively  fixed  part  is  the  origin  (double  in  this  case), 
while  the  other  end  attached  to  the  relatively  movable 
part  is  the  insertion. 

Bones  as  Levers. — A  lever  (L..  levo,  I  raise)  is 


Fig.  23.— Muscles  and  Tendons  of  the  Hand. 

defined  in  mechanics  as  a  rigid  bar  (not  necessarily  rod- 
shaped)  moving  about  a  relatively  fixed  point.  This 
last  is  termed  the  fulcrum  (f),  while  the  power  (p), 
which    brings    about  the 
movement  is  applied  at  an-        T  ^ 
other  point,  and  the  weight  ^ 
(w)   or  resistance   to  be 
overcome  is  situated  at  a 
third.  Three  classes  of  levers 


w 


Fig.  24.— Lever  of  First 
Class. 


are  distinguished  according 


to  the  relative  position  of  fulcrum,  power,  and  weight. 
These  are: — 

(1)  First  Class  (fig.  24).  Fulcrum  in  the  middle  (PFW). 

(2)  Second  Class  (fig.  25).  Weight  in  the  middle  (pwf). 
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(3)  Third  Class  (fig.  26).    Power  in  the  middle  (fpw). 

It  is  important  to  remember  that  a  lever  may  Ije 
curved  and  of  irregular 
shape. 


A 


Fig.  25.— Lever  of  Second  Class. 


Fig.  26.— Lever  of  Third  Class. 


Examples  of  Levers. 

(1)  First  Class,    (a)  A  poker  as  commonly  used,  F 

being  where  it  rests  on  the  bar 
of  the  grate;  (b)  The  skull  as 
balanced  on  top  of  the  back- 
bone. P  =  muscles  attached  to 
back  of  head,  F  at  occipital  con- 
dyles, w  =  weight  of  head;  (c)  The 
pelvis  as  balanced  on  the  thigh- 
l3ones  and  prevented  from  falling ; 
forwards.  P  =  muscles  attached 
to  back  part  of  pelvis,  F  at 
acetabula,  \v  =  weight  of  body; 
(d)  The  foot,  when  in  sitting 
posture  one  leg  is  thrown  over 
the  other  and  toes  tapped  once 
on  ground,  p  =  calf -muscle  in- 
serted into  heel-bone  (figs.  27. 
and  28)  by  tendon  of  Achilles. 
F  at  ankle-joint,  weight  ofi 

foot. 

(2)    Second  Class.     (a)  A 
wheelbarrow  supported  by  the? 
handles.     P  =  force  applied  at  handles,  w  =  Aveight  off 
barrow  and  its  contents,  f  at  place  where  wheel  restj- 
on  ground,  (b)  The  foot  as  used  Avhen  liody  is  supported 


Fig.  27.— Inteition  of  Calf-muscle. 
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on  toes  (fig.  28).  p  =  calf-miiscle  applied  to  heel  bone, 
w  =  weight  of  body,  F  at  tips  of  toes. 

(3)  Third  Class,  (a)  The  forearm  when 
being  bent  (fig.  29)  at  elbow  joint, 
P  =  biceps  muscle,  w  =  weight  of  forearm 
and  an^^thing  there  may  happen  to  be 
in  the  hand,  (b)  The  foot  used  for  press- 
ing doAvn  the  pedal  of  a  piano,  the  heel 
resting  on  the  ground.  F  at  heel,  p  = 
weight  of  leg  acting  in  the  middle  of 
foot  and  pushing  it  down,  w  =  force  over- 
come by  the  toes  in  lowering  the  pedal. 
Levers  of  the  first  class  are  sometimes 
called  levers  of  stability,  because  they 
helj)  to  keep  the  body  and  its  parts  in 
a  stead}'-  position,  while  those  of  the 
second  class  are  levers  of  power,  because 
they  are  best  adapted  for  doing  heavy 
work,  and  those  of  the  third  class,  levers 
of  rapidity,  because  a  comparatively 
quick  movement  is  brought  about  by  a 
small  muscular  contraction.    It  must 

be  remembered,  on 


the 
that 


other  hand, 
rapidit}^  of 


movement  is  gained 
by  the  expenditure 
of  a  relatively  large 
amount  of  force. 


Fig.  28. 


Fig.  29. 


Flexor  and  Extensor  Muscles.-Those  muscles 
Mhich  bend  or  flex  a  hmb  or  part  of  a  limb  are  con- 
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veniently  termed  flexors,  while  those  which  straighten  or 
extend  such  parts  arc  known  as  extensors. 

Upright  Position  of  Body — The  vertical  position 
of  the  body  is  only  maintained  at  the  expense  of  con- 
siderable muscular  effort.  Putting  it  broadly,  there  are 
numerous  muscles  situated  in  the  front  of  the  neck, 
trunk,  and  legs,  which  tend  to  pull  the  body  forwards^ 
and  others  placed  at  the  back  which  tend  to  pull  the 
body  backwards.  These  two  sets  of  muscles  counteract 
one  another  and  prevent  the  body  from  falling  either 
forwards  or  backwards.  In  rather  gi^eater  detail  the 
facts  may  be  stated  as  follows : — 

Muscles  tending  to  pull  Muscles  tending  to  pull 

body  forwards.  body  backwards. 

(M  =  muscles.) 

M.  of  front  of  neck          )  (  .      ,       ,    ,  . 

Flat  m.  forming  wall  of    opposed  by         ™^ni"g  down  back  of 

abdomen  7.   j  (     vertebral  column. 

Extensor  m.  on  front  of  Haunch  m.  and  flexor  m. 

thish   ;  opposed  by  j     on  tack  of  thigh. 

Extensor  m.  on  front  of  j  v      -n^i  r  ir 

lower  leg   \  oPPOsedby  j  Flexor  m.  of  calf. 

Voluntary  and  Involuntary  Muscles. — All  the 

muscles  so  far  described,  i.e.  those  which  constitute  the 
'  flesh ',  are  called  voluntary,  because  they  are  under 
the  direct  control  of  the  will.  They  are  also  knoAvn  as 
red  muscle,  from  their  colour,  which  is  due  to  plentiful 
blood  suj)ply.  Another  kind  of  muscle,  however,  exists 
in  the  body,  to  which  the  terms  involuntary  and  white 
are  applied.  It  makes  up  a  large  part  of  the  walls  of 
the  internal  organs,  is  pale  in  colour,  and  not  under  the 
control  of  the  will. 

Tonic  Condition  of  the  Muscles. — Under  ordin- 
ary circumstances  the  muscles  of  the  body  is  in  a  half- 
contracted  or  tonic  condition,  as  a  result  of  nervous 
action.  There  is,  therefore,  a  possibility  of  more  vigor- 
ous contraction  on  the  one  hand,  as  when  a  muscle  is 
used  to  bring  about  movement,  or  less  vigorous  contrac- 
tion in  the  other,  as  when  a  person  falls  down  as  a 'result 
of  a  bloAV  on  the  head. 
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Connective  Tissue.  This  is  a  convenient  place 
to  give  a  few  further  details  about  this  tissue  which  has 
already  been  frequently  mentioned.  A  rough  distinction 
is  drawn  betAveen  white  and  yellow  connective  tissue. 
(1)  White  connective  tissue  is  tough  and  inelastic,  and 
is  seen  in  its  purest  form  in  tendons  and  most  ligaments. 
Other  examples  are  periosteum  (p.  17),  and  perichon- 
drium (p.  20),  and  the  firm  sheaths  which  invest  muscles 
(p.  42).  It  yields  gelatin  on  boiling  or  treatment  with 
weak  acid.  (2)  Yellow  connective  tissue  is  best  exem- 
plified by  the  ligamentum  nuchae  (p.  30),  and  differs 
markedly  from  the  white  in  its  great  elasticity  and  the 
fact  that  it  is  unaffected  by  boiling  or  by  the  action  of 
weak  acid. 

Cartilage  and  bone  are  closely  allied  to  connective 
tissue,  and  fat  may  be  regarded  as  a  modified  form  of  it. 


CHAPTER  III. 

FOOD.    DIGESTIVE  ORGANS. 

A  preliminary  notion  of  the  subjects  forming  the  head- 
ing of  this  chapter  has  already  been  given  (p.  14),  and 
further  information  upon  them  will  now  be  given. 

Composition  of  Food.— Food  is  the  material  from 
which  the  ever-wasting  body  is  as  constantly  repaired 
and  additions  made  during  growth  derived.  In  repair- 
ing a  steam  engine  the  same  materials  are  employed  as 
those  used  in  its  original  construction,  i.e.  steel,  brass, 
&c.  _  The  human  body  is,  in  a  sense,  a  growing,  self- 
repairing  machine,  and  it  is  necessary  to  know  what  it  is 
made  of  in  order  to  understand  the  nature  of  the  food 
used  for  repairs  and  growth. 

Ultimate  Composition  of  Body.— By  means  of 
dissection  the  body  can  be  divided  into  tissues  (p.  17), 
and  a  further  analysis  can  be  made  by  the  chemist,  and 
IS  made  m  nature  during  the  processes  of  decay.  But 
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at  this  stage  a  few  elementary  chemical  considerations 
become  necessary. 

Elements  and  Compounds. — Air,  water,  the  solid 
framework  of  the  globe,  and  the  bodies  of  organisms,  are 
resolvable  into  some  seventy  kinds  of  material  which  are 
termed  elements,  since  no  means  are  at  present  known 
of  breaking  them  up  into  simpler  substances.  Six  of 
these  elements  are  of  primary  importance  as  regards  the 

composition  of  the  human  body.     They  are:  oxygen 

(0),  nitrogen  (N),  hydrogen  (H),  carbon  (C),  sulphur  (S), 
and  phosphorus  (P),  of  which  the  first  three  are  gases 
and  the  last  three  solids  under  ordinary  conditions.  The 
letters  in  parentheses  are  the  abbreviations  or  'sj^mbols' 
used  to  express  these  elements. 

A  compound  is  a  substance  formed  by  the  intimate 
union  of  two  or  more  elements  in  definite  proportions, 
and  differing  in  properties  from  its  components.  Water, 
for  instance,  is  composed  of  8  parts  of  oxygen  and  1  part 
of  hydrogen,  by  weight,  or  1  and  2  parts  respectively,  by 
volume.  It  difters  obviously  from  its  components,  be- 
ing a  liquid  under  ordinary  conditions  when  tho  tem- 
perature is.  between  32°  F.  and  212°  F.,  while  both 
oxygen  and  hydrogen  are  gases  under  the  same  condi- 
tions. Some  of  the  chemical  differences  will  appear  later. 
Again,  carbon  dioxide,  commonly  called  carbonic  acid 
gas,  and  familiarly  known  as  causing  the  eflfervescence 
of  soda-water  or  ginger-beer,  consists  of  12  parts  hy 
weight  of  carbon  plus  32  of  oxj^^gen.  Carbon  includes 
the  solid  substances  known  as  diamond,  charcoal,  and 
graphite  (black-lead). 

Atomic  Theory. — Chemical  facts  are  most  simply 
explained  by  supposing  the  various  elements  to  be  ulti- 
mately composed  of  excessively  minute  particles  termed 
atoms,  which  have  different  Aveights  in  difterent  elements. 
The  atoms  of  the  lightest  known  element,  the  gas  hydro- 
gen, are  taken  as  the  standard  of  comparison,  and  hydi-o- 
gen  is  said  to  have  the  atomic  weight  1.  When,  there- 
fore, the  atomic  weight  of  oxygen  is  stated  to  be  1 6,  it  is 
meant  that  an  atom  of  oxygen  is  sixteen  times  as  heavy 
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as  a  hj^drogen  atom,  and  similarly  for  the  other  elements. 
The  above  furnishes  an  explanation  of  the  fact  mentioned 
above  that  a  compound  is  made  up  of  two  or  more  ele- 
ments united  in  definite  proportions. 

Molecules.— The  smallest  amount  of  a  compound 
that  can  exist  as  such  is  termed  a  molecule  (L.  molecida, 
a  small  mass).  This  consists  of  atoms  of  the  constituent 
elements,  and  if  by  any  means  these  atoms  are  sej)arated 
from  one  another  the  molecule  is  said  to  be  decomposed. 
Under  ordinary  circumstances  an  element,  too,  is  suj)posed 
to  be  made  of  molecules,  but  in  this  case  the  atoms  con- 
stituting the  molecule  are  all  of  the  same  kind. 

Chemical  Formula. — The  method  of  expressing  a 
compound  by  an  abbreviated  expression,  or  chemical 
formula,  will  now  be  readily  understood.  Thus  H^O 
stands  for  water,  and  means  that  every  molecule  of  that 
substance  consists  of  two  atoms  of  hydrogen  united  to 
one  of  oxygen.  It  is  unnecessary  to  wite  the  1.  It 
also  expresses  the  fact  that  water  is  composed  of  («)  2 
volumes  of  hydrogen  gas  1  volume  of  oxygen  gas,  {h) 
2  parts  by  weight  of  hydrogen -i- 1 6  parts  by  weight  of 
oxygen.  Similarly  CO2  =  carbon  dioxide,  in  which  every 
molecule  consists  of  one  carbon  atom  +  two  oxygen  atoms. 
The  properties  of  the  chief  elements  making  up  the  human 
body  may  now  be  instructively  considered. 

Acids  and  Alkalies.^ — The  former  name  is  given  to 
certain  hydrogen  compounds  which  in  many  cases  redden 
blue  litmus  paper,  and  which  commonly  have  a  sour  taste. 
Alkalies,  on  the  other  hand,  turn  red  litmus  blue,  and 
possess  a  soapy  taste.  Litmus  is  a  vegetable  colouring 
matter. 

Oxygen.— Atomic  iveiglit,  16.  This  element,  which, 
under  ordinary  circumstances,  is  a  gas,  is  more  abundant 
than  any  other.  Mixed  with  other  gases  it  makes  up 
about  one-fifth  the  volume  of  the  air,  and  it  is  combined 
with  hydrogen  to  form  water,  of  which  it  constitutes 
eight-ninths  by  weight.    About  46  per  cent,  by  weight, 

1  Tliese  (leflnitions  are  very  incomplete,  Imt  may  answer  the  present  pur- 
pose.   For  further  details  chemical  text-books  can  be  consulted 

(M26)  n 
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of  the  solid  part  of  the  earth  is  made  up  of  it,  and  some- 
thing hke  tM'o-thirds  by  weight  of  the  human  body. 

Preparatioii.—Certain  compounds  of  which  oxygen  is  a 
constituent  can  be  decomposed  by  heat,  the  oxygen  being 
driven  off.  One  of  these  compounds  is  the  red  oxide  of 
mercury,  HgO,  Hg  being  the  symbol  for  mercury  or 
quicksilver  abbreviated  from  its  Latin  name  hydrargyrum. 

From  this  oxide  oxygen  was 
first  prepared,  but  the  com- 
pound commonly  used  in 
the  laboratory  is  chlorate  of 


Fig.  30.— Apparatus  for  Preparing  and  Collecting  Oxygen  from  Chlorate  of  Potash, 
as  it  is  generally  done  in  the  Laboratory. 


potash,  which  gives  off  the  gas  in  abundance  when  heated. 
The  addition  of  a  small  quantity  of  black  oxide  of  man- 
ganese enables  the  action  to  take  place  at  a  lower  tem- 
perature. The  apparatus  employed  is  represented  in  fig. 
30.  The  chlorate  of  potash  is  placed  in  a  glass  flask,  the 
mouth  of  which  is  closed  by  a  perforated  cork.  One  end 
of  a  suitably  curved  glass  tube  is  fixed  into  the  hole  in 
the  cork,  while  the  other  end  dips  into  a  vessel  of  water, 
in  which  a  glass  jar,  previously  filled  with  Avater,  has  been 
inverted.  The  flask  is  now  heated  by  means  of  a  Bunsen 
gas  burner  or  spirit  lamp,  and  oxygen  soon  begins  to  come 
off  in  a  rapid  stream  of  bubbles  from  the  submerged 
end  of  the  tube.  After  allowing  a  short  time  to  elapse, 
so  that  the  air  in  the  flask  and  tube  ma}^  have  time  to 
escape,  the  bubbles  may  be  allowed  to  ascend  into  the  jar. 
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When  this  is  full  its  mouth  is  closed  by  a  greased  glass 
plate,  after  which  it  is  removed  and  placed  right  way  up 
on  the  table.  Several  jars  so  collected  will  serve  for 
studying  the  properties  of  oxygen.  That  it  is  colourless 
and  odourless  can  easily  be  observed,  while  a  glowing 
splinter  of  wood  or  dip  candle  with  a  glowing  wick  is 
rekindled  if  introduced  into  the  jar,  and  goes  on  burning 
with  greatly  increased  brightness.  Oxygen  is  therefore 
a  vigorous  supporter  of  combustion,  which  fact  may  fur- 
ther be  demonstrated  by  burning  in  it  (a)  fragment 
of  charcoal,  (b)  a  small  quantity 
of  flowers  of  sulphur  placed  in  a 
small  iron  spoon.  In  the  last  two 
experiments  the  oxygen  unites 
with  the  carbon  to  form  carbon 
dioxide,  and  with  the  sulphur  to 
form  sulphur  dioxide,  a  gas  posses- 
sing a  peculiarly  piercing  smell. 
The  oxygen  is  said  to  oxidize^ 
the  carbon  and  sulphur,  the  pro- 
cess being  one  of  oxidation,^  or 
union  of  oxygen  with  some  other 
substance. 

One  of  the  main  objects  of  breathing  is  to  take  oxygen 
from  the  air  into  the  body  (p.  16). 

Nitrogen.— ^/o??^^■c  loeight,  14.  This  element,  like 
oxygen,  is  a  gas  under  ordinary  circumstances.  It  con- 
stitutes about  four-fifths  by  volume  of  the  air,  and  is  a 
very  important  component  of  the  human  body.  Frepara- 
iion.— The  simplest  method  is  to  get  rid  of  the  oxygen  in 
a  small  quantity  of  air  by  burning  phosphorus  in  it.  A 
small  fragment  of  this  substance  is  placed  on  a  small  tin 
saucer  floating  in  a  vessel  of  water  (fig.  31),  covered  by  a 
stoppered  bell  jar,  and  ignited  with  a  red  hot  wire  pushed 
in  at  the  top  of  the  jar,  from  which  the  stopper  is  momen- 
tarily removed.  The  burning  phosphorus  gives  off  dense 
white  fumes  of  a  compound  (phosphorus  pentoxide)  formed 

thL^do^f.s^'nnf  nr.?,^fi^?^^  has  been  somewhat  extended  by  chemists,  bnt 
tnis  aoea  not  concern  the  student  of  elementaiy  physiology. 


Fig.  31.— Preparatiun  of 
Nitrogen. 


5-2 


ELEMENTARY  PHYSIOLOGY. 


by  union  of  the  oxygen  with  it.  These  dissolve  in  the 
water,  and  the  nitrogen  of  the  air  is  left  behind  in  the 
jar.  At  the  end  of  the  experiment  the  Avater  will  have 
risen  so  as  to  fill  about  one-fifth  of  the  jar,  thus  proving 
that  the  removed  oxygen  made  up  that  proportion  of  the 
air.  Nitrogen  thus  olitained  is  easily  observed  to  be  a 
colourless,  odourless  gas,  which  does  not  sujjport  combus- 
tion, arid  does  not  itself  burn. 
0  Hydrogen. — Atomic  weight,  1. 

Like_  the  preceding  elements  this, 
too,  is  a  gas  under  ordinary  con- 
ditions. It  makes  up  one-eighth 
by  Aveight  of  water,  or  two-thirds 


■L.    .    —       O  =. 

 — 

I 

Fig.  32.— Apparatus  for  Preparing  and  Collecting  Hydrogen. 


by  volume.  Preparation. — Water  can  be  decomposed  into 
its  constituent  elements,  oxygen  and  hydrogen,  by  means 
of  an  electric  current,  but  the  most  convenient  method  of 
preparing  hydrogen  is  b}^  allowing  zinc  to  act  upon  dilute 
sulphuric  acid  (oil  of  vitriol).  The  apj)aratus  employed  is 
shown  in  fig.  32.  On  the  left  is  a  bottle  in  which  some 
fragments  of  zinc  are  placed  and  which  is  closed  by  a 
doubly-perforated  tightly -fitting  cork.  One  hole  of  this  is 
provided  with  a  long  tube,  ending  aboA'"e  in  a  small  funnel, 
through  which  dilute  sulphuric  acid  is  poured,  \vhi\c  from 
the  other  hole  a  curved  delivery  tube  runs  to  the  gas-col- 
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lecting  arrangement  shown  on  the  right.  When  sulphuric 
acid  is  poured  into  the  zinc  a  brisk  effervescence  ensues, 
due  to  decomposition  of  the  acid  with  escape  of  its  hydro- 
gen. Care  must  be  taken  to  let  all  the  air  escape  before  the 
gas  is  collected,  as  a  mixture  of  hydrogen  and  air  is  highly 
explosive.  The  collected  gas  is  quickly  proved  to  be 
colourless  and  odourless,  and  its  properties  must  next  be 
tested  as  regards  combustion.  A  lighted  candle-end  sup- 
ported on  a  bent  wire  and  raised  into  a  jar  of  hydrogen 
held  upside  down  at  once  goes  out,  but  the  hydrogen 
itself  takes  fire  and  burns  with  a  pale  bluish  flame  at  the 
mouth  of  the  jar.  If  a  tube  drawn  out  into  a  fine  point 
is  substituted  for  the  delivery  tube  a  burning  jet  of 
hydrogen  "svill  be  obtained  on  applying  a  match.  The 
inside  of  a  small  beaker  held  over  the  jet  will  quickly 
be  dimmed  Avith  moisture,  the  hydrogen  having  been 
oxidized  into  water  by  the  oxygen  of  the  air.  Great 
care  must  be  taken  to  let  all  the  air  escape  before  per- 
forming this  experiment.  This  -will  not  have  taken 
place  till  the  gas  collected  in  a  small  test-tube  inverted 
over  the  unlit  jet  burns  quietly.  Hydrogen,  therefore, 
like  nitrogen,  does  not  support  the  combustion  of  a  candle, 
but,  unlike  nitrogen,  can  be  set  on  fire.  The  film  of 
moisture  seen  on  the  inner  side  of  the  glass  of  a  just  lit 
lamp  results  from  umon  of  the  hydrogen  of  the  oil  with 
the  oxygen  of  the  air  to  form  water. 

Carbon. — Atomic  weight,  12.  This  is  a  solid  element 
existing  in  the  three  forms  of  charcoal,  graphite  (black- 
lead),  and  diamond.  It  is  a  very  characteristic  component 
of  plants  and  animals,  and  is  known  in  such  an  immense 
number  of  compounds  that  the  study  of  these  constitutes 
a  distinct  branch,  organic  chemistry,  so  named  because 
these  compounds  Avere  first  known  as  resulting  from  the 
life  of  organisms. 

Sulphur  (Brimstone).— ^fomic  weight,  32.  This 
element  is  familiarly  known  as  a  yellow  solid,  which 
ljurns  with  a  pale  blue  flame,  being  oxidized  into  sul- 
phur dioxide  during  the  process  (p.  .51). 

Phosphorus — Atomic  weight,  31.    The  commonest 
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form  of  this  element  is  a  pale  wax-like  solid,  exceedingly 
inflammable,  for  which  reason  it  is  usually  kept  under 
water  and  must  not  be  handled  with  the  fingers. 

Certain  other  elements  of  importance  in  the  human 
body  will  be  mentioned  later  on. 

Chemical  Classification  of  Food-stuffs. — It  is 
a  matter  of  common  knowledge  that  the  food  does  not 
consist  of  elements.  The  necessary  carbon,  for  example, 
could  not  be  obtained  from  a  meal  of  charcoal.  In  fact 
the  food  is  made  up  for  the  most  part  of  very  complex 
organic  compounds,  obtained  by  herbivorous  animals 
from  plants,  by  carnivorous  forms  from  animals,  and  by 
omnivorous  forms,  like  ourselves,  from  both  sources. 
The  animal  kingdom  is  ultimately  dependent  upon  green 
plants,  which  are  able  to  build  up  their  complex  bodies 
out  of  simple  inorganic  compounds. 

It  is  convenient  to  divide  foods  into 

FOODS. 

I  1 
I.  Nitrogenous.  II.  Non-nitrogenous. 

Proteids  or  Albuminoids, 
consisting  of  the  elements 
N ,  C  ,  H ,  0 ,  S,  and  some- 
times P. 


(1)  Carbohydrates.    (2)  Fats.    (3)  Mineral  Salts.    (4)  Water, 

~  HoO. 

consisting  of  the  elements 
C,0,H. 

NitrogenousFo  o  ds .  — These  embrace  a  large  number 
of  exceedingly  complex  substances  known  as  proteids  (Gk. 
protd%  first;  eidds,  shape),  or  albuminoids,  using  the  terms 
in  their  broadest  sense.  They  make  up  the  greater 
part  of  lean  meat,  eggs,  and  cheese.  A  proteid  com- 
pound is  called  comjjkx  because  each  molecule_  contains 
a  very  large  number  of  atoms,  and  so  little  is  known 
about  these  bodies  that  their  chemical  formulae  are 
matters  of  speculation,  and  hence  their  properties  cannot 
be  predicted  by  the  chemist.  The  percentage  composi- 
tion is  fairly  well  known,  and  has  been  calculated  at 
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C. 

51-5 
to  54-5 


H. 

6-  9 

7-  3 


N. 

15-2 
17-0 


0. 

20-9 
23-5 


S. 

0-3 
2-0 


and  some  of  them  contain  a  small  quantity  of  phosphorus 
as  an  essential  constituent. 

The  following  are  examples  of  proteids,  the  substances 
containing  them  being  named: — myosin  and  syntonin, 
lean  meat;  albumin,  white  of  egg;  casein,  cheese;  fibrin, 
in  clotted  blood ;  gelatin,  obtained  by  boiling  connective 
tissue  and  bones;  gluten,  the  sticky  substance  left  be- 
hind when  flour  is  kneaded  in  a  fine  muslin  bag  under  a 
tap;  legumin,  in  peas,  beans,  and  lentils. 

Carbohydrates. — These  are  composed  of  carbon, 
hydrogen,  and  oxygen,  the  last  two  being  in  the  same 
proportion  as  in  water  (H2O).  Starch,  sugar,  and  gum 
are  examples. 

Fats. — These  also  consist  of  carbon,  hydrogen,  and 
oxygen,  but  they  contain  a  larger  proportion  of  hydrogen 
than  the  last  kind  of  food.  All  fatty  and  oily  substances 
are  included  here. 

Mineral  Salts. — The  bones  and  teeth  owe  their 
hardness  to  mineral  matter,  chiefly  consisting  of  'bone 
earth'  or  phosphate  of  lime,  and  partly  of  carbonate 
of  lime.  The  former  is  a  compound  made  up  of  phos- 
phorus, oxygen,  and  a  metallic  element,  calcium  (Ca), 
while  the  latter,  of  which  chalk  is  a  form,  contains  cal- 
cium, carbon,  and  oxygen.  These  compounds  of  lime 
are  necessary  food  constituents. 

Another  indispensable  compound  is  common  salt, 
sodium  chloride  (NaCl),  each  molecule  of  which  con- 
tains one  atom  of  a  metallic  element,  sodium  (Na  from 
L.  natrium),  and  one  of  a  gaseous  element,  chlorine  (CI). 

Compounds  of  iron  are  also  necessary. 

When  a  body  is  cremated  the  '  ash '  left  behind  con- 
sists of  the  mineral  salts. 

Water  (H^O). — This  makes  up  the  greater  part  of 
the  body,  and  is  consequently  a  necessary  food  com- 
pound. 

Percentage  Composition  of  the  Body.  — The 
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six  classes  of  compounds  just  described  enter  into  the 
composition  of  the  body  in  the  f olloAving  proportions : — 


Proteids 
Percent,  18-0 


Carbohydrates  Fats 
0-1  15-4 


Mineral  Salts 
5-5 


Water 
01  0 


Fig.  33.- 
moutli 
ftomacli 
C  to  K) 


Parts  of  Digestive  Or- 
gans and  their  Arrange- 
ment.— Reference  should  be 
made  to  what  has  been  said 
on  page  15.  The  alimen- 
tary canal  or  food-tube  is 
represented  diagrammatically 
in  fig.  33,  from  which  it  will 
be  seen  that  it  is  by  no  means 
of  uniform  caliljre,  and  to 
this  may  be  added  that  its 
walls  are  not  of  uniform 
thickness.  The  stomach  and 
intestines  do  not  lie  loose 
in  the  abdominal  cavity,  l)ut 
are  fixed  to  its  posterior  wall 
by  folds,  known  as  the 
mesentery  (Gk.  mesas,  middle  : 
enieroii,  bowel),  of  a  moist, 
shining  membrane.  The 
cavity  is  lined  by  a  similar 
membrane,  the  peritoneum 
(Gk.  peri,  around;  icim,  I 
stretch)  with  which  the 
mesentery  is  continuous,  and 
of  which  it  may  he  regarded 
as  a  part.  The  whole  of  the 
alimentary  canal  is  lined  by 
a  sort  of  soft  skin,  the  mucous 
membrane,  which  is  of  a  red- 
dish colour,  richly  provided 
with  blood-vessels,  and,  ex- 

A]imentar.y  Canal,  including  ^ept   that    belonging   tO  the 
(M),  ifharvn.x  (P).  gullet  (M,  ^^r  "  •.• 
(St),  8mall  (D  to  I)  and  large  mouth,   not   A'ery  sensitive, 
intestines.  ' 
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The  junction  between  sldn  and  mucous  membrane  is 

seen  at  the  lips.  .   -,    ,  j 

Nature  of  Digestion.— The  food  is  broken  down 
mechanically  in  the  alimentary  canal  and  also  subjected 
there  to  the  chemical  action  of  several  digestive  juices. 
As  a  result  of  this  the  nutritious  part  of  the  food  is 
'  digested  '    i.e.  either 


dissolved 


brought 


or 

into  a  finely  divided 
condition.  The  innu- 
tritions and  undigested 
remains  of  the  food 
pass  out  of  the  body  as 
the  faeces,  which  for  the 
most  part  do  not  result 
from  the  waste  of  the 
body  itself. 

Mouth  (fig.  34).— 
The  fleshy  lips  which 
bound  the  mouth  open- 
ing constitute  the  front 
wall  of  the  mouth.  The 
roof  of  the  mouth  is 
known  as  the  palate, 
and  its  front  part  (a), 
supported  by  the  maxil- 
lary and  palatine  bones, 
is  the  hard  palate,  be- 
hind which  is  the  fleshy 
soft  palate  (b).    This  is  continued  backwards  and  down- 
wards as  the  posterior  boundary  of  the  mouth,  and  it 
ends  l)elow  in  a  small  rounded  projection,  the  uvula  («), 
easily  seen  on  looking  into  the  widely-opened  mouth. 
The  limits  of  the  hard  palate  are  marked  out  by  a  pro 
jecting  ridge,  the  upper  gum,  in  which  the  upper  teeth 
are  imbedded.    The  roof  of  the  mouth  is  at  the  same 
time  the  floor  of  the  nasal  cavities  (n).    The  side  walls 
of  the  mouth  are  the  muscular  cheeks,  Avhile  the  tongue 
{t)  rises  up  from  its  floor,  the  outer  margin  of  which  is 


Fig.  34.— Section  showing  Month  and  Nasal 
Cavities,  Gullet,  'Windpipe,  &c. 

i,  Tongue;  ph,  pharj-nx  ;  ep,  epiglottis;  g,  gullet; 
jt),  windpipe.   For  other  references  see  text. 
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marked  by  the  lower  gum,  in  Avhich  the  lower  teeth  are 
imbedded.  The  tongue  is  almost  entirely  composed  of 
voluntary  muscle. 

Teeth.— These  are  the  hardest  structures  in  the 
body,  and  consist  chiefly  of  phosphate  of  lime.  The 
first  teeth,  present  in  the  child,  are  20  in  number  and 

make  up  the 
milk  dentition. 
The  second  or 
permanent  denti- 
tion (fig.  35)  con- 
sists of  32  teeth. 
There  are  three 
sorts  of  milk 
teeth :  (a)  inci- 
sors or  cutting 
teeth,  placed  in 
front,  (b)  canines, 
and  (c)  grind- 
ing teeth,  milk 
molars.  The  relative  number  may  conveniently  be 
expressed  by  a  dental  formula  as  follows : — 

.     2-2         1-1  2-2 

'  =  2^''  =  r:T'~^232=2o 

where  i  =  incisor,  c  =  canine,  and  m.m.  =  milk  molar.  In 
each  fraction  the  numerator  gives  the  upper  and  the 
denominator  the  lower  teeth,  while  the  dashes  stand 
between  the  teeth  of  opposite  sides. 

Permanent  Teeth  (figs.  35  and  36). — The  milk 
incisors  and  canines  are  succeeded  by  the  same  number 
of  permanent  incisors  and  canines,  the  milk  molars  by  the 
same  number  of  permanent  teeth  termed  in  this  case 
bicuspids  or  premolars.  Behind  these  last  come  three 
permanent  molars  on  each  side  above  and  below.  These 
have  no  predecessors  in  the  milk  dentition.  The  dental 
formula  is 

.    2-2       1-1  2-2  3-3 

2-2        1-1-^        2-2  3-3 


Fig.  35.— Side  View  of  J  aw  with  Permanent  Teeth.  Bone 
cut  away  to  show  their  roots. 
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where  p.m.  =  premolar  and  m.  =  molar.  The  four  hinder- 
most  molars  are  the  'wisdom'  teeth,  and  it  is  only  in 
some  cases  that  they  are  all  cut. 


Fig.  36.— Kinds  of  Teeth.  This  figure  shows  the  eight  teeth  in  one  half  of  a  jaw. 

Structure  of  Teeth  (fig.  37). — The  projecting  part 
of  a  tooth  is  the  crown  (chisel-edged  in  incisors,  pointed 
in  canines,  and  with  a  grinding 
surface  in  the  other  kinds),  while 
the  rest  of  it  is  made  up  of  one 
or  more  tapering  fang^s  imbedded 
the  jaw.  Incisors, 


m 


canines. 


-F 


and  premolars  possess  a  single 
fang,  molars,  two  or  three.  The 
slightly-narrowed  junction  be- 
tween crown  and  fang  is  called 
the  neck. 

A  magnified  section  through 
a  molar  tooth  is  represented  in 
fig.  37,  which  shows  the  central 
pulp  cavity  present  within  the 
crown  and  continued  into  the 
fangs.  The  'pulp',  which  occu- 
pies the  cavity,  consists  of  a 
framework  of  connective  tissue 
traversed  by  blood-vessels  and 
nerves,  which  enter  it  by  means 
of  a  small  hole  situated  at  the  tip  of  each  fang  (not  seen 
in  figure). 

The  greater  part  of  the  tooth  is  made  up  of  dentine 


Pig.  37.— Section  of  a  Tooth. 

Or.,  Crown  ;  N,  neck  ;  F  F,  fangs; 
P,  pulp  cavity;  E,  enamel; 
D,  dentine ;  Cm.,  cement. 
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(L.  dens,  tooth)  or  ivory,  covered  hy  an  extremely  hard 
substance — enamel— in  the  crown,  and  by  a  layer  of 
bone  in  the  fangs.  This  last  is  termed  cement.  Enamel 
contains  96|^  per  cent,  and  dentine  72  per  cent  of  mineral 
salts,  the  rest  consisting  of  animal  matter. 

Pharynx  (fig.  34,  ^i).— This  name  (Gk.  for  throat) 
is  given  to  the  second  section  of  the  alimentary  canal, 
into  which  the  mouth  opens  behind.  It  is  a  tube  of 
about  4|  inches  long,  which  lies  immediately  in  front 
of  the  upper  cervical  vertebrae,  and  may  be  considered 
as  the  dilated  upper  end  of  the  gullet.  There  are  seven 
openings  communicating  with  the  cavity  of  the  pharynx : 
(1)  the  opening  from  the  mouth,  on  each  side  of  which 
is  a  small  oval  swelling,  the  tonsil;  (2  and  3)  two  small 
apertures,  the  posterior  nares  (L.  nareii,  nostrils);  one  at 
the  back  of  each  nasal  cavity;  (4  and  5)  on  each  side, 
close  to  the  preceding,  the  small  opening  of  one  of  the 
Eustachian  tubes,  which  communicate  with  the  drums 
of  the  ears;  (6)  the  glottis,  (Gk.  name  for  it)  or  aper- 
ture of  the  larynx  below;  and  (7)  the  opening  at  the 
lower  end  of  the  pharynx,  where  it  becomes  continuous 
with  the  gullet.  A  flexible  flap,  the  epiglottis  (Gk. 
epi,  upon;  glottis)  projects  uj) wards  in  front  of  the  glottis 
at  the  root  of  the  tongue  (fig.  34,  ep).  Air  breathed  in 
through  the  nose  passes  back  in  the  nasal  cavities, 
through  the  jDOsterior  nares  into  the  pharynx  and  thence 
through  the  glottis.  Air  breathed  out  through  the  nose, 
takes  the  same  course  in  reverse  order. 

Gullet  or  CEsophagus. — This  is  a  thick-walled  tube, 
some  9  or  10  inches  long,  which  runs  just  in  front  of 
the  backbone  through  the  neck  and  upper  part  of  the 
thorax,  comes  a  little  forwards  in  the  lower  part  of  the 
thorax,  pierces  the  diaphragm,  and  becomes  continuous 
with  the  stomach. 

The  stomach  (fig.  38)  is  a  muscular,  somewhat  pear- 
shaped  sac  lying  across  the  upper  part  of  the  abdominal 
cavity,  with  its  long  axis  sloping  downwards  from  left 
to  right,  and  its  broad  end  to  the  left.  This  broad  part 
of  the  stomach  is  termed  the  cardiac  (Gk.  cardia,  heai-t) 
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end,  while  the  other  extremity,  which  is  thicker  walled, 
and  passes  into  the  intestine,  is  known  as  the  pyloric 
(Gk.  pijloros,  gate-keeper)  end.  The  gullet  opens  into 
the  upper  side  of  the  stomach  at  the  junction  of  the 
cardiac  and  pyloric  portions.  When  fully  distended  the 
adult  stomach  is  capable  of  holding  about  two  quarts. 

The  small  intestine  (fig.  39,  clef)  is  a  greatly  con- 
voluted and  rather 
thin -walled  tube, 
situated  in  the 
middle  and  lower 
part  of  the  abdo- 
men. It  is  about 
20  feet  long  and 
rather  broader 
(nearly  2  inches) 
at  its  beginning 
than  at  its  end 
(about  \\  inch). 
The  first  part  of 
the  small  intestine, 
that  succeeding 
the  stomach,  is 
known  as  the  duo- 
denum ( L.  duo- 
deni,  twelve,  i.e. 
12  finger-breadths 
long),  and  forms  an  U-shaped  loop  about  10  inches 
long.  It  is  followed  by  the  jejunum  (L.  jejunus,  empty; 
because  commonly  found  so)  which  constitutes  about 
two-fifths  of  the  rest  of  the  small  intestine,  and  this  by 
the  ileum  (Gk.  eileo,  I  coil)  which  is  the  last  part  of  it. 
These  three  regions  are  not  sharply  marked  off  from 
one  another  as  the  gullet  is  from  the  stomach  or  the 
stomach  from  the  duodenum. 

Large  Intestine  (fig.  39).— The  ileum  ends  in  the 
lower  part  of  the  abdomen,  on  the  right  hand  side,  and 
there  opens  obliquely  into  the  large  "intestine,  which  is 
from  5  to  6  feet  long  and  of  greater  diameter  than  the 


Fig.  38.— Stomach,  &c. 

CE,  Gullet;  St.,  stomach;  P,  m-loric  opening:  D,  duo- 
cleuuin;  G,  gall-bladder;  B,  bile-duct ;  Pn.,  pau- 
creatic  duct. 


62 


ELEMENTARY  PHYSIOLOGY. 


small  intestine,  as  its  name  indicates.  The  large  intes- 
tine begins  in  a  rounded  pouch,  the  csecuin  (L.  for  Ijlind) 
situated  below  the  opening  of  the  ileum  and  continued 
into  a  narrow  process,  the  vermiform  appendix  (L.  for 
worm-shaped  appendage).    The  caecum  passes  aljove  into 


a,  The  gullet,  or  oesophagus,  which 

is  continued  from  the  back 
part  of  the  mouth  to 

b,  The  stomach. 

c,  The  pylorus,  the  small  end  of  the 

stomach  where  it  opens  into 
the  first  part  of  the  small  in- 
testine. At  the  pylorus  is  a 
thickened  portion  of  the  sto- 
mach wall,  which  acts  as  a 
Talve  to  prevent  the  food  leav- 
ing the  stomach  till  the  proper 
time. 

dd,  The  duodenum  or  commence- 
ment of  the  small  intestine. 

eee.  The  second  part  of  the 
small  intestine,  called 
the  jejunum. 

////,  The  third  and  ter- 
minal portion  of  the  / 
small  intestine,  termed  / 
the  ileum.  .  ,' 

g,  The  caecum.  This  is  the     ^   "  - . 

commencement  of  the 
large  intestine,  and  be- 
tween it  and  the  ileum 
there  exists  a  valve 
which  prevents  the  re- 
turn of  any  of  the  contents  of 
the  large  intestines  back  into 
the  small.   This  is  called  the 
ileo-ca;cal  valve. 

h,  A  round  worm-like  process  of 

the  ca;cum,  which  is  termed 
the  vermiform  process. 

i,  The  first  portion  of  the  large  in- 

testine, called  the  ascending 
colon. 

K,  The  transverse  colon. 

I,  The  descending  colon. 

m,  A  part  of  the  large  intestine 
which  is  curved  on  itself,  some- 
what in  the  form  of  the  letter 
R,  and  termed  the  sigmoid 
flexure  of  the  colon. 

n,  The  termination  of  the  large 
intestine  and  alimentary  canal, 
named  the  rectum. 


Fig.  39.— The  Alimentary  Canal. 

the  colon  (Gk.  colon,  division),  Avhich  is  distinguished  by- 
its  puckered  walls,  and  runs  up  the  right  side  of  the 
abdomen,  across  at  a  lower  level  than  the  stomach,  and 
then  down  the  right  side,  ending  in  an  S-shaped  tAvist, 
the  sigmoid  flexure  (Gk.  2,  capital  S ;  eidos,  resemblance). 
The  last  eight  inches  or  so  of  the  large  intestine  occupy 
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the  back  part  of  the  pelvic  cavity,  and  constitute  the 
rectum  (L.  for  straight),  which  has  thicker  walls  than 
the  colon,  and  is  not  puckered. 

Structure  of  Alimentary  Canal.— A  common 
plan  of  structure  is  exhibited  by  gullet,  stomach,  and 
intestine,  to  explain  which  it  will  be  found  convenient 
to  begin  with  the  small  intestine  (fig.  40).  This  is  made  up 
of  four  coats  or  layers,  which 
are,    from   without  inwards, 

(1)  a  thin  seroiLS  coat  consist- 
ing  of  peritoneum   (p.  56), 

(2)  a  coat  of  involuntary  or 
pale  muscle  (p.  46)  made  up  of 
an  external  layer  of  fibres  run- 
ning longitudinally  (e),  and  an 
internal '  circular '  layer  in  which 
the  fibres  run  transversely 
(d),  (3)  a  thin  submucous  coat 
(c)  of  coarse  connective  tissue 
traversed  by  good-sized  blood- 
vessels, (4)  the  mucous  mem- 
brane {ah).  The  last  coat  is 
easily  peeled  off  owing  to  the 
ready  tearing  of  the  sub- 
mucous tissue.  When  a  piece  of 
small  intestine  is  cut  open  and 
examined  under  water  the  mucous  membrane  will  be 
seen  to  form  transverse  folds,  and  to  have  a  velvety  look. 
Examination  with  a  simple  lens  will  demonstrate  innumer- 
able minute  finger-like  projections,  the  villi  (L.  villus, 
shaggy  hair),  shown  in  figs.  40 «,  41,  42,  and  51.  Be- 
tween these  villi  an  immense  number  of  deep  tubular 
pits  can  be  made  out  in  a  thin  slice  or  section  by  aid  of 
the  microscope.  These  are  called  the  glands  of  Lieber- 
kiihn  (after  an  anatomist  of  that  name).  The  mucous 
membrane  consists  of  an  exceedingly  thin  layer  of  muscle 
externally,  then  of  fine  connective  tissue  traversed  by 
blood-vessels,  nerves,  and  other  structures,  and,  lastly,  of 
epithelium,  which  lines  the  cavity  of  the  intestine.  The 
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term  epithelium  (Gk.  gpi,  upon;  thaUo,lgrow)  is  applied 
to  a  kind  of  tissue  which  forms  layers  covering  surfaces 
and  lining  cavities.  The  epidermis  or  outer  part  of  the 
skin  IS  of  this  nature,  and  so  is  the  innermost  layer  of 
all  parts  of  the  mucous  membrane.  Examination  of 
epithelium  by  means  of  the  microscope  shows  that  it 
consists  of  minute  elements  Imown  as  cells,  the  nature  of 
which  varies  in  difTerent  cases.  Cells  are  the  units  of 
structure,  and  not  only  epithelium  but  all  the  other 
tissues  consist  of  them,  and 
of   other  parts  produced  by 


Fig.  41. — Piece  of  Inner  Surface  of 
Intestine,  showing  the  Villi  mag- 
nified. 


b  ir  cl  c  h 


Fig.  42.— A  Villas  of  the 
Small  Intestine,  largely 
magnified,  o.  Columnar 
cells ;  e,  goblet  cell,  modi- 
fied columnar. 


them  or  from  them.  A  cell  essentially  consists  of  a 
minute  portion  of  the  living  substance,  protoplasm  (Gk. 
jjTdtds,  first ;  plasma,  anything  formed),  on  wMch  all  the 
functions  of  the  body  depend.  A  small  particle  of  the 
protoplasm  is  of  special  nature,  and  constitutes  what  is 
known  as  the  nucleus  (L.  for  kernel).  Fig.  42  re^jre- 
sents  part  of  a  longitudinal  section  through  a  villus  as 
seen  under  the  microscope.  It  is  covered  by  simple 
columnar  epithelium — simple,  because  consisting  of  a 
single  layer  of  cells;  columnar,  because  these  cells  are 
shaped  like  little  columns  or  prisms  set  at  right  angles 
to  the  surface.  The  epithelium  lining  the  stomach,  small 
intestine,  and  large  intestine  is,  in  the  main,  of  this  kind. 
A  gland  is  to  be  defined  as  a  more  or  less  complicated 


FOOD.     DIGESTIVE  ORGANS. 


65 


pocket  or  pouch  of  mucous  membrane,  the  epithelium  of 
which  is  able  to  form  or  secrete  some  special  substance 
or  substances  from  the  blood  with  wdiich  the  organ  is 
supplied.  Single  cells  may  also  constitute  glands,  as  is 
the  case  with  goblet  cells  (fig.  42,  e),  which  secrete  mucus 
and  are  abundantly  present  in  the  epithelium  of  mucous 
membrane. 

The  glands  of  Lieberkiihn  are  among  the  simplest, 
and  their  secretion  is  known  as  intestinal  juice. 

The  large  intestine  chiefly  differs  from  the  small 
intestine  in  the  absence  of  villi,  but  glands  of  Lieber- 
kiihn are  present  as  before,  and  their  minute  openings 
can  be  seen  with  a  lens.  The  puckered  appearance  of 
the  colon  is  due  to  the  layer  of  longitudinal  muscle  being 
thickened  into  three  flat  bands  which  are  shorter  than 
the  part  of  the  wall  between  them,  and  cause  it  to  be 
thrown  into  pouches.  A  similar  appearance  can  be  pro- 
duced in,  say,  the  sleeve  of  a  dress,  by  taking  three 
broad  pieces  of  elastic  rather  shorter  than  it,  and,  while 
keeping  them  stretched  to  the  same  length,  sewing  them 
to  it.  If  the  pieces  of  elastic  are  now  alloAved  to  shorten 
the  sleeve  will  be  throwai  into  pouch-like  folds. 

Where  the  ileum  opens  into  the  cfecum  there  is  an 
ileo-csecal  valve,  consisting  of  two  folds  of  mucous  mem- 
brane, wdiich  project  into  the  cavity  of  the  caecum  and 
prevent  the  contents  of  the  large  intestine  from  passing 
back  into  the  ileum.  At  the  end  of  the  rectum  its  layer 
of  circular  muscle  is  thickened  into  a  ring-muscle"  or 
sphincter  (G-k.  sphi{n)(j6,  I  choke),  which,  together  with  a 
similar  ring  of  voluntary  muscle  placed  below  it,  serves 
to  keep  the  external  opening  closed. 

The  relatively  very  thick  wall  of  the  stomach  possesses 
a  well-developed  muscular  coat,  which,  in  the  upper  part 
of  the  organ,  includes  a  layer  of  oblique  fibres  within  the 
circular  ones. 

The  mucous  membrane  is  thick,  smooth,  and,  except 
when  the  stomach  is  full,  thrown  into  a  number  of  longi- 
tudinal folds,  or  rugae  (L.  ruga,  wrinkle).  On  examina- 
tion with  a  lens  innumerable  minute  pits  can  be  seen, 

(M2C)  E 


66 


ELEMENTARY  PHYSIOLOGT. 


which  mark  the  openings  of  the  gastric  or  peptic  glands. 
These,  hke  the  glands  of  Lieberkuhn,  are  tuljular  de- 
pressions, and  in  a  section  (fig.  43)  are  seen  to  be  packed 
very  closely  together.    Their  ends  are  branched,  and 

lined  (fig.  43,  A)  Adth  glandular 
epithelium,  by  which  the  gastric 
juice  is  secreted. 

The  glandular  cells  are  of  tM'o 
kinds,  (1)  central  or  chief  cells, 
somewhat  cubical  in  shape,  (2) 
ovoid  parietal  cells  (black  in  the 
figure).    The  latter  are  absent  in 


Fig.  43.— The  Mucous  Membrane  of  the  Stomach  in  section,  highly  magnified. 

8  points  to  the  surface,  g  to  one  of  the  tubular  glands,  of  which  a  indicates  the  central 
canal,  a  is  a  much  more  highly  magnified  view  of  one  gjland,  which  is  represented 
as  giving  off  branches.  It  shows  the  columnar  epithelium  of  the  surface  di])i)ing 
down  into  the  duct  d  of  the  gland,  from  which  two  tubes  branch  off.  Each  tube  is 
lined  with  sqviarish  cells,  anil  there  is  a  minute  central  passage.  Here  and  there 
are  seen  other  special  cells  (coloured  black  in  figure)  called  parietal  cells,  which  are 
supposed  to  produce  the  acid  of  the  gastric  juice. 

the  glands  of  the  pyloric  part  of  the  stomach.  That  part 
of  each  gland  which  opens  on  the  surface  of  the  mucous 
membrane  may  be  called  the  duct  (L.  ductus,  aqueduct). 
It  carries  off  the  gastric  juice  secreted  by  the  rest  of  the 
gland,  and  is  lined  by  simple  columnar  ejoithelium,  Avhich 
also  covers  that  part  of  the  mucous  membrane  which  lies 
between  the  glands. 

At  the  junction  of  stomach  and  duodenum  a  pyloric 
sphincter  is  formed  by  a  special  thickening  of  the  cir- 
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cular  muscle  layer.  It  projects  inwards  as  a  sort  of 
circular  ridge,  forming  a  valve  known  as  the  pylorus 
(Gk.  puloros,  gatekeeper)  because  it  guards  the  opening 
between  stomach  and  intestine. 

The  gullet  is  constructed  on  the  same  plan  as  stomach 
and  intestine,  but  differs  in  the  following  points: — (1) 
There  is  no  serous  coat;  (2)  The  well-developed  muscular 
coat  consists  of  red  or  voluntary  muscle  in  its  upper 
part;  (3)  The  epithelium  which  lines  the  mucous  mem- 
brane is  stratified  (L.  sira- 


Fig.  44.— Stratieed  Sgusimous  Epithe-  Fig.  45.— Isolated  Cells  of  Squa- 

lium.   [Ivleiu.]  mous  Epithelium. 

sisting  of  several  layers  of  cells,  which  become  more  and 
more  flattened  as  the  surface  is  approached  (cp.  fig.  44). 

The  pharynx  resembles  the  upper  part  of  the  gullet 
in  structure,  and  the  mucous  membrane  of  the  mouth  is 
also  lined  by  stratified  epithelium,  of  which  some  de- 
tached cells  are  represented  in  fig.  45.  The  dark  area  in 
the  centre  of  each  cell  represents  the  nucleus. 

The  glands  so  far  described  are  all  minute  and  im- 
bedded in  the  mucous  membrane.  There  are,  however, 
a  number  of  large  glands,  which  have  arisen  as  out- 
growths of  the  alimentary  canal,  and  now  lie  entirely 
outside  it,  pouring  their  secretions  into  it  by  special 
ducts.  These  glands  are  the  salivary  glands  opening 
into  the  mouth,  liver  and  pancreas  opening  into  the 
duodenum. 

There  are  three  pairs  of  salivary  glands,  all  situated 
in  the  head  and  secreting  the  saliva  or  spittle.  The 
largest  pair  are  the  parotid  glands  (Gk.  jmra,  beside; 
ous,  Otds,  ear),  situated  below  the  skin  in  front  of  the  ear 
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(fig.  46,  PP'),  and  sending  a  duct  ((/)  forwards  to  open 
into  the  side  of  the  mouth.  The  submaxillary  glands 
(L.  sub,  below;  maxilla,  jaw)  lie  below  and  within  the 
back  of  the  lower  jaw  (sm).  Their  ducts  run  forwards 
and  open  close  together  on  the  floor  of  the  mouth  on  a 
small  elevation  situated  not  far  behind  the  middle  in- 
cisors.   The  sublingual  glands  (L.  sub,  below;  lingua, 

tongue)  are  less  than  half 
the  size  of  the  preceding. 
They  lie,  one  on  each  side, 
in  a  ridge  which  runs  along 
the  front  part  of  the  floor 
of  the  mouth  between  the 
tongue  and  teeth.  Each 
possesses  a  number  of  ducts, 
of  which  the  largest  opens 
near  that  of  the"  submaxillary 
duct,  while  others  ojDen  into 
that  duct,  and  the  remainder 
on  the  surface  of  the  ridge. 

The  structure  of  the  sali- 
vary glands  can  be  under- 
stood by  reference  to  fig.  47. 
A  simple  tubular  gland  is 
represented  by  1 ;  4  and  5 
possess  little  pouch-like  out- 
grow-ths,  and  are  said  to  be  sacculated  (L.  sacculiis,  little 
bag);  wliile  6  is  still  further  complicated,  having  under- 
gone branching.  This  last  kind  is  termed  racemose  (L. 
racemus,  bunch  of  gi^apes),  because  there  is  a  vague  re- 
semblance to  a  bunch  of  grapes. 

A  salivary  gland  consists  of  a  large  number  of  small 
rounded  lobules  (diminutive  of  lobe)  each  of  which  has  the 
structure  represented  in  6,  and  the  main  duct  is  formed 
by  the  union  of  smaller  ducts  from  these  lobules,  just 
as  a  river  is  formed  by  the  union  of  tributaries. 

The  entire  gland  is  lined  by  simple  epithelium,  made 
up  in  the  pouches  or  alveoli  (L.  alveolii^%  a  small  re- 
ceptacle) of  the  lobules  of  large  cells  which  secrete  the 


i'ig.  46.— Tie  Salivaxy  Glands. 


d  is 


'  p'.  Parotid  ;  sm,  submaxillary.  _ 
placed  below  the  duct  of  the  parotid. 
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saliva.  The  lobiiles  and  ducts  are  bound  together  by  a 
framework  of  connective  tissue  traversed  by  blood-vessels 

The  liver  is  an  exceedingly  large  gland,  of  a  reddish- 
brown  colour,  situated  in  the  upper  part  of  the  abdomen 
(fify.  3),  wliere  its  convex  upper  surface  fits  closely  against 


Fig.  47.— Diagram  of 
the  Structure  of  Secre- 
ting Glands. 

The  continuous  line 
represents  the  outer 
boundary  of  the  con- 
nective tissue  of  mu- 
cous membrane.  The 
dotted  line  repre- 
sents the  position  of 
the  epithelium.  The 
irregular  line  shows 
the  position  of  the 
blood-vessels.  1  shows 
the  simple  tubular 
gland.  2  indicates 
how  the  mouth  may 
become  shut  and  a 
sac  formed.  3  repre- 
sents a  coiled  tube. 
4  and  5  indicate  the 
formation  of  recesses 
to  produce  a  saccu- 
lated gland,  and  G  is 
a  plan  of  part  of  a 
racemose  gland. 
[.Sharpey.] 


the  diaphragm,  and  its  irregular  somewhat  concave  lower 
surface  rests  on  the  stomach,  part  of  the  intestines,  and 
other  organs.  It  Aveighs  about  lbs.,  and  measures 
about  11  inches  from  side  to  side,  6  to  7  inches  from 
front  to  back,  and  3^  inches  from  above  downwards  in 
its  thickest  part,  which  is  to  the  right.  The  liver  is 
divided  into  right  and  left  lobes,  Avhich  are  of  very  unequal 
size,  the  former  being  much  the  larger  of  the  tAvo. 
When  turned  up  (fig.  48)  a  pear-shaped  bag,  the  gall- 
bladder (g)  is  seen  firmly  attached  to  the  middle  of  the 
right  l()l)e.  By  the  union  of  a  duct  from  each  lobe,  an 
hepatic  duct  (G.  hepar,  liver)  is  formed  (fig.  38),  which 
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receives  the  cystic  duct  (Gk.  cnsios,  bag)  from  the  gall- 
bladder, and  later  on  unites  with  the  pancreatic  duct 
to  form  the  commoii  bile-duct,  which  opens  into  the 

duodenum  three  or 
four  inches  beyond 
the  pylorus. 

Structure  of 
the  Liver.— The 
liver  consists  of  an 
enormous  number 
of  minute  lobules, 
which  can  be  seen 
mth  a  lens  on  a 
cut  surface  as  poly- 
gonal areas  from 
to  —  of  an  inch 
broad.  Each  of 
these  lobules  again  consists,  as  may  be  made  out  by 
means  of  the  microscope,  of  a  very  large  number  of  liver- 
cells  (fig.  49),  which  must  be  regarded  as  having  the 
nature  of  glandular  epithelium.  Between  these  cells 
the  finest  branches  of  the  hepatic  ducts 
unite  together  as  a  delicate  network. 
It  is  a  condition  even  more  complicated 
than  the  one  represented  in  fig.  47,  6. 
Imagine  a  minute  very  much  branched 
tube  lined  with  epithelium,  then  sup- 
pose the  branches  to  unite  into  a  net- 
Avork,  and  a  rough  idea  will  be  gained 
of  the  nature  of  a  liver  lobule.  This 
accords,  too,  with  the  facts  of  develop- 
Liver  (?47^much  mag^   meut,  for  thc  livcr  is,  to  begin  with, 

nifieil),  with  channels  (a)  .       i  i  •    „     ,  a  „  J,,^ 

for  the  bile  between.         a  Simple  pOUCh  grOWUlg  OUt  01  tiie  ClUO- 

denum.  As  in  the  case  of  other  organs, 
the  liver  is  supported  by  a  connective  tissue  framework 
traversed  by  blood-vessels,  nerves,  &c. 

The  pancreas  or  sweetbread  is  a  reddish  yellow  lobu- 
lated  gland  about  7  inches  long  and  1|  inches  average 
breadth,  which  can  be  seen  running  across  the  back  of 


Fig.  48.— Relations  of  the  Stomach  to  the  Liver, 
Pancreas,  and  Spleen. 
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the  abdominal  cavity  when  the  stomach  is  lifted  up  (fig. 
48).  The  head,  or  broad  right-hand  end  of  the  pancreas 
(/i)  occupies  the  loop  of  the  duodenum,  while  its  narrow 
left-hand  end  or  tail  touches  the  spleen  {sp\  a  flat,  oval 
body,  reddish  in  colour,  and  attached  to  the  cardiac  end 
of  the  stomach.  The  pancreatic  duct,  formed  by  union  of 
smaller  ducts  from  the  various  lobules,  runs  for  the  most 
part  in  the  substance  of  the  gland,  and  finally  joins  the 
hepatic  duct  (fig.  38).  In  structure  the  pancreas  closely 
resembles  a  salivary  gland. 


CHAPTER  IV. 

DIGESTION  AND  ABSORPTION. 

The  structure  of  the  digestive  organs  and  the  nature 
of  food  having  been  treated  in  some  detail,  we  may  now 
consider  what  actually  takes  place  in  the  alimentary 
canal  during  digestion. 

Digestion  in  the  Mouth. — Here  the  food  undergoes 
chewing  or  mastication,  and  is  mixed  with  the  saliva, 
which  not  only  softens,  and  thus  makes  it  more  easy  to 
break  down,  but  also  exerts  a  very  important  chemical 
action.  The  sharp  edges  of  the  incisors  divide  the  food, 
while  the  irregular  crowns  of  the  grinding  teeth  work 
against  each  other  like  millstones.  During  the  chewing 
process  both  cheeks  and  tongue  assist  in  mixing  up  the 
food  and  keeping  it  between  the  teeth.  The  lower  jaw 
is  so  articulated  that  it  can  move  in  various  ways,  of 
which  only  the  up  and  down  movements  need  further 
consideration  here.  It  is  raised  mainly  by  the  action  of 
two  muscles,  the  temporal  and  masseter.  The  temporal 
muscle  is  somewhat  fan-shaped,  and  takes  origin  from 
the  surface  of  the  temporal  bone;  It  narrows  below, 
runs  down  the  inner  side  of  the  zygomatic  arch,  and  is 
inserted  into  the  coronoid  process  partly  by  means  of  a 
tendon  and  partly  directly.     This  muscle  can  be  seen 
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and  felt  contracting  in  the  temple  every  time  the  jaw  is 
raised.    The  masseter  is  a  squarish  muscle  arising  from 
the  zygomatic  arch  and  inserted  into  the  outer  side  of 
the  ramus  of  the  lower  jaw,  where  its  contractions  can 
easily  be  detected  by  sight  or  touch.   Part  of  this  muscle 
can  be  seen  in  fig.  46.    The  lower  jaw  acts  as  a  lever  of 
the  third  class  (p.  44)  when  it  is  being  pulled  up,  the 
fulcrum  being  at  the  joint,  the  power  being  supplied  bv 
the  muscles  described,  and  the  weight  being  that  of  the 
lower  jaw  together  with  the  resistance  to  chewing  pre- 
sented by  the  food.    The  downward  movement  of  the 
lower  jaw  is  partly  the  result  of  its  own  Aveight  and 
partly  due  to  muscular  action,  the  most  important  muscle 
concerned  being  the  digastric  (Gk.  dis,  t\ncQ ;  gaster,  belly). 
This  has  an  elongated  form,  and  consists  of  a  fleshy  jDor- 
tion  or  belly  at  each  end  and  a  tendon  in  the  middle. 
The  posterior  end  of  the  muscle  takes  origin  from  the 
temporal  bone  not  far  from  the  occipital  condyle,  and 
the  anterior  end  is  inserted  into  the  under  side  of  the 
chin,  while  the  tendon  is  fixed  to  the  hyoid  bone. 

Saliva,  the  secretion  of  which  is  greatly  increased  by 
the  presence  of  food  in  the  mouth,  is  a  turbid,  glairy, 
alkaline  fluid  which  consists  almost  entirely  of  Avater, 
with  only  about  |-  per  cent  of  solid  matter.  By  far  its 
most  important  constituent  is  an  organic  substance  known 
as  ptyalin  (Gr.  ittualdn,  spittle),  which  is  present  in  only 
very  minute  quantity  and  possesses  the  remarkable 
power  of  converting  starch  into  sugar — not  the  article  of 
ordinary  use,  but  a  kind  known  as  maltose,  because  pre- 
sent in  malt.  This  may  easily  be  proved  by  keeising  a 
small  quantity  of  starch  paste  in  the  mouth  for  a  short 
time,  when  it  will  be  found  to  acquire  a  sweet  taste.  The 
chemical  process  that  goes  on  is  a  kind  of  fermentation ; 
which  name  is  applied  to  cases  where  certain  complex 
bodies  known  as  ferments,  in  this  case  ptyalin,  bring  about 
chemical  change  without  being  at  the  same  time  ajjpre- 
ciably  used  up.  Hence  a  small  amount  of  ferment  can 
go  on  acting  for  a  very  long  time,  which  is  a  matter  of 
great  convenience  in  physiological  work.    The  action  of 
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saliva  can  be  studied  outside  the  body,  and  two  important 
facts  established  thereby:  (1)  starch  is  digested  by  it  more 
rapidly  at  the  temperature  of  the  body  than  at  a  lower 
one ;  (2)  boiled  saliva  has  no  effect  on  starch,  the  ptyalin 
being  destroyed  by  a  high  temperature.  Saliva  has 
practically  no  action  on  proteids  and  fats,  but  some  of  the 
mineral  salts  dissolve  in  it,  as  does  any  sugar  which  may 
be  present.  It  must  be  remembered  that  the  object  of 
digestion  is  to  dissolve  the  food  as  far  as  possible ;  hence 
the  importance  of  the  amylolytic  (Gk.  amulon,  starch; 
luiikus,  able  to  break  up)  ferment  ptyalin,  which  converts 
practically  insoluble  starch  into  readily  soluble  sugar. 

Swallowing  or  Deglutition  (L.  deglutio,  I  swallow). 
This  is  the  mechanical  process  by  which  food  passes  from 
the  mouth  through  the  pharynx  and  gullet  to  the  stomach. 
It  is  much  facilitated  by  the  softening  and  moistening 
action  exerted  by  the  saliva.  In  swallowing,  and  the 
subsequent  passage  of  the  food  through  stomach  and  in- 
testines, the  muscular  coat  is  the  active  agent,  especially 
the  circular  layer  of  fibres,  which  is  better  developed  than 
the  longitudinal  layer.  It  is  clear  that  contraction  of  the 
former  will  narrow  the  cavity  of  the  alimentary  canal, 
and  this  contraction  takes  place  in  a  wave-like  manner, 
so  that  the  food  is  gradually  squeezed  onwards.  This 
kind  of  movement  is  known  as  the  peristaltic  action  (Gk. 
pSristaltikus,  clasping  and  compressing).  The  longituclinal 
layer  does  not  contract  at  the  same  time  as  the  circular 
layer,  and  its  exact  use  is  not  clearly  understood,  but  its 
contraction  in  any  part  of  the  digestive  tube  would 
undoubtedly  shorten  and  broaden  that  part.  After, 
therefore,  a  given  region  has  been  narrowed  by  the  cir- 
cular layer  it  would  probably  be  enlarged  again  by  the 
longitudinal  layer. 

The  first  and  voluntary  part  of  swallowing  carries  the 
food  back  on  the  upper  side  of  the  tongue  to  the  begin- 
ning of  the  pharynx,  and  now  begins  the  second  part  of 
the  process,  over  which  the  will  has  no  control,  and  which 
consists  in  a  gradual  squeezing  of  the  food  downwards  l)y 
peristaltic  action.  It  must  cle'arly  be  understood  that  the 
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food  does  not  (except,  as  a  rule,  in  the  case  of  liquids) 
simply  fall  down  into  the  stomach,  for  swallowing  can  be 
effected  when  the  body  is  placed  head  downwards,  and 
grazing  animals  habitually  swallow  upwards.  During 
the  passage  of  the  food  through  the  pharynx  it  is  impor- 
tant that  none  of  it  should  get  into  the  posterior  nares  or 
glottis.  The  former  contingency  is  guarded  against  by 
the  soft  palate,  which  is  pulled  upwards  and  baclcAvards 
so  as  to  touch  the  back  wall  of  the  pharynx,  Avhile  food 
is  prevented  from  passing  down  into  the  windpipe  by  the 
epiglottis,  which  is  bent  back  so  as  to  cover  the  glottis 
and  form  a  bridge  over  which  the  food  can  pass.  These 
arrangements  are  sometimes  upset; — on  the  one  hand,  a 
sudden  fit  of  coughing  may  force  food  up  into  the  nasal 
cavities,  on  the  other,  an  attempt  to  speak  during  eating 
may  cause  the  epiglottis  to  spring  up  and  fragments  to 
pass  into  the  glottis.  The  expression  'going  the  wrong 
way '  is  familiarly  applied  to  the  latter  phenomenon. 

Digestion  in  the  Stomach. — The  movements  pro- 
duced by  the  muscular  layers  are  here  much  more  com- 
plicated. To  begin  with,  the  food  undergoes  a  gentle 
'  churning '  movement  until  it  is  reduced  to  a  greyish 
pulp,  the  chyme  (Gr.  chumos,  pulp).  As  digestion  pro- 
ceeds peristaltic  movements  proper  take  place  in  the 
pyloric  end  of  the  stomach,  by  which  successive  portions 
of  chyme  are  squeezed  into  the  duodenum,  the  j)yloric 
sphincter  relaxing  so  as  to  allow  of  this.  Nothing  but 
pulpy  material,  however,  is  allowed  to  pass  on,  for  the 
contact  of  large  fragments  causes  the  sphincter  to  contract 
again.  The  presence  of  food  in  the  stomach  leads  to  a 
flow  of  blood  to  the  mucous  membrane  and  to  the  secre- 
tion of  considerable  quantities  of  gastric  juice.  This  is 
a  clear  acid  fluid  containing  a  very  small  percentage  of 
dissolved  solids.    The  acidity  is  due  to  the  presence  of 

per  cent  of  hydrochloric  acid  (HCl),  and  the  most  im- 
portant of  the  dissolved  solids  are  two  ferments,  pepsin 
and  rennin.  The  acid  is  believed  to  be  secreted  by  the 
parietal  cells  of  the  gastric  glands  and  the  ferments  by 
the  central  cells  (p.  66).    Pepsin  (Gk.  pi^pfa,  I  digest) 


DIGESTION  AND  ABSORPTION. 


75 


possesses  the  important  property  of  being  able  to  convert 
proteids  into  a  soluble  form  termed  peptone.  Rennin  is 
a  milk-curdling  ferment,  that  is  to  say,  it  converts  the 
proteid  substance  casein  (L.  caseus,  cheese),  which  is  dis- 
solved in  milk,  into  a  solid  form,  this  '  curd '  being  then 
digested  by  the  pepsin.  G-astric  juice  is  only  of  import- 
ance in  so  far  as  it  digests  proteids  in  virtue  of  its  pepsin, 
which,  from  the  nature  of  its  action,  is  termed  proteolytic 
ferment  (jirotdd,  G-k.  lutikos,  able  to  break  uj)).  The 
ptyalin  carried  down  into  the  stomach  being  only  able  to 
work  in  an  alkaline  solution,  first  of  all  ceases  to  act  on 
starch,  and  is  then  destroyed  by  the  acid  of  the  gastric 
juice. 

Digestion  in  the  Intestine. — The  acid  chyme, 
coming  over  into  the  intestine  from  the  stomach,  is 
gradually  moved  on  by  peristaltic  action,  and  is  subject 
to  the  action  of  bile,  pancreatic  juice,  and  intestinal 
juice.  Digestion  is  practically  completed  by  the  time 
the  end  of  the  small  intestine  is  reached. 

Bile  or  Gall  is  an  alkaline  fluid  of  golden  red  colour, 
and  consisting  of  86  per  cent  of  water,  with  14  per  cent 
of  other  constituents,  of  which  certain  complex  organic 
compounds  known  as  bile-salts  make  up  the  greater 
part.  Digestion  is  aided  in  several  ways  by  this  secre- 
tion. It  neutralizes  and  so  stops  the  action  of  the  gastric 
juice  which  comes  with  the  chyme  into  the  intestine, 
and  in  this  way  assists  the  pancreatic  juice.  On  starch 
and  proteids  bile  has  no  action,  but  it  helps  to  emulsify 
fats  and  oils,  i.e.  to  break  them  down  into  very  small 
globules.  Besides  this,  it  has  an  antiseptic  action,  pre- 
venting the  contents  of  the  intestine  from  becoming 
putrid. 

Pancreatic  juice  is  a  much  more  important  secretion. 
It  is  a  clear  alkaline  fluid  containing  about  3|  per  cent 
of  dissolved  solids,  including  three  diff'erent  ferments, 
which  act  respectively  on  starch,  proteids,  and  fats.  The 
first  of_  the  ferments,  amylopsin  (Gk.  amuldn,  starch; 
opus,  juice),  acts  in  the  same  way  as  ptyalin,  while  the 
second,  trypsin  (Gk.  thrupsis,  dissolving),  behaves  like 
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pepsin,  except  that  it  is  much  more  powerful,  and  can 
only  act  in  an  alkaline  solution.  The  remaining  ferment, 
steapsin,  causes  part  of  the  fats  to  break  down  into 
soluble  substances.  Besides  this,  pancreatic  juice  in 
conjunction  with  bile  converts  a  good  deal  of  the  fat 
into  an  emulsion  known  as  chyle  (Gk.  cJmlus,  juice). 
This  is  a  milky  fluid  in  which  innumerable  minute 
globules  of  fat  are  suspended.  It  may  be  noted  here 
that  milk  itself  is  a  kind  of  natural  emulsion. 

Intestinal  juice  has  a  feeble  digestive  action,  but 
comparatively  little  is  definitely  known  about  it. 
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The  digestion  of  the  food  is  followed  by  its  absorption 
into  the  blood-vessels  and  certain  other  tulles,  lacteals, 

which  ramify  in  the  mucous 
membrane. 

In  the  case  of  the  parts  of 
the  food  which  are  reduced 
to  solution,  the  process  is 
one  of  diffusion  (L.  diffusus, 
spread  out),  a  term  used  to 
signify  the  mixing  which 
takes  place  when  two  liquids 
or  two  gases  are  in  direct 
contact  Avith  one  another,  or 
else  are  separated  by  a  por- 
ous partition  or  a  moist  mem- 
brane. Fig.  50  represents 
a  simple  piece  of  apparatus, 
called  a  dialyser  (Gk.  dia, 
through;  lusis,  setting  free), 
by  which  diffusion  of  the 
last  kind  can  be  demonstrated.  A  piece  of  bladder  or 
vegetable  parchment  is  tied  on  to  a  thistle  fumiel,  which 
is  then  partly  filled  with  a  mixture  of  treacle  and  water, 
and  immersed  in  a  vessel  of  water,  so  that  the  levels  of 
the  inside  and  outside  fluids  are  the  same.    After  a  short 


Fig.  50.— Dialyser. 
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time,  the  treacle  will  rise  in  the 'stalk  of  the  funnel  (fig. 
50),  and  the  outside  water  will  acquire  a  sweet  taste. 
There  has  in  fact  been  a  passage  or  diffusion  through 
the  membrane  in  both  directions,  but  more  water  has 
passed  in  than  treacle  out.  Underneath  the  epithelium 
of  stomach  and  intestine  there  is  a  close  network  of  very 
minute  blood-vessels  (capillaries),  which  may  be  com- 
pared to  the  funnel  in  fig.  50,  while  the  blood  in  them 
corresponds  to  the 
treacle.  The  delicate 
walls  of  these  vessels, 
plus  the  epithelium,  an- 
swer to  the  moist  mem- 
l)rane,  while  the  dis- 
solved contents  of  the 
digestive  tube  are  equi- 
valent to  the  water  in 
the  outer  vessel.  The 
importance  of  converting 
insoluble  non- diffusible 
starch  and  proteid  into 
soluble,  diffiisible  sugar 
and  peptone  will  now  be 
realized.  Absorption  of 
digested  food  begins  in  the  stomach  and  ends  in  the 
large  intestine,  but  is  mainly  carried  on  in  the  small 
mtestine.  This  part  of  the  digestive  tube  offers  an  enor- 
mous absorptive  surface,  as  a  result  of  its  great  length 
and  the  presence  of  innumerable  villi.  Two  villi  are 
<lrawn  diagraramatically  in  fig.  51,  and  in  the  one  on 
the  right  the  network  of  blood-vessels  is  shown. 

The  emulsified  fats  do  not  diffuse  in  the  proper  sense 
of  the  word,  but  the  minute  globules,  of  which  they  are 
composed,  make  their  way,  hoAv  is  not  fully  known, 
nito  mnuite  branched  tubes,  one  of  which  is  contained 
in  each  villus  (fig.  51,  a).  These  tubes  are  known  as  the 
lacteal  rootlets,  because  they  are  the  beginnino-s  as  it 
were  of  the  lacteals,  tubes  distinct  from  the  bloodVessels 
which  ramify  in  the  mucous  membrane  and  mesentery 


Fig.  51.— Villi  greatly  magnified. 

A,  Shomng  lacteal ;  b,  showing  artery,  capil- 
laries, aud  vein. 


78 


ELEMENTARY  PHYSIOLOGY. 


(cp.  chap.  v.).  The  name  lacteal  (L.  lac,  milk)  is  given 
because,  after  a  meal  into  Avhich  fat  largely  enters,  they 
have  been  seen  to  contain  a  milky  fluid,  chyle.  This 
chiefly  consists  of  the  digested  fats.*^ 

Different  Varieties  of  Diet.— It  has  been  calcu- 
lated that  an  adult  man  of  average  weight  requires  300 
grains  of  nitrogen  and  4500  grains  of  carbon  in  every 
day's  food.  The  other  necessary  elements  can  be  for 
the  present  left  out  of  consideration.  There  are  three 
chief  ways  of  getting  the  quantities  required:  (1)  by  a 
pure  proteid  diet,  (2)  by  a  vegetable  diet,  (3)  by  a 
mixed  diet. 

(1)  Proteid  Diet. — Supposing  a  man  tries  to  live  on 
nothing  but  fairly  lean  cooked  meat.  This  contains 
about  22  per  cent  proteid  matter  and  7  per  cent  fat. 
About  half  of  the  former  is  carbon  and  4\  nitrogen. 
The  fat  contains  80  per  cent  carbon.  Working  this  out, 
a  pound  (7000  grains)  of  cooked  meat  contains  1162 
grains  of  carbon  and  231  grains  of  nitrogen.  To  get  the 
requisite  4500  grains  of  carbon,  it  would  therefore  be 
necessary  to  eat  about  3  lbs.  4  oz.  of  the  meat.  This, 
however,  would  contain  1126  grains  of  nitrogen,  i.e.  895 
more  than  are  required.  The  digestion  and  excretion 
of  this  unnecessary  nitrogen  would  throw  a  large  amount 
of  useless  M^ork  on  the  organs  concerned. 
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(2)  In  considering  the  possibilities  of  a  vegetable  diet, 
oatmeal  porridge  (without  milk)  may  be  taken  as  an 
example,  for  it  contains  a  good  deal  of  proteid  matter, 
and  this  is  the  only  source  from  which  the  requisite 
nitrogen  can  be  obtained.  The  following  are  the  data 
necessary  for  the  calculation: 

Oatmeal  contains  12  per  cent  of  proteids,  63  per  cent 
of  carbohydrates,  and  5  per  cent  of  fat.  Proteids  con- 
tain 50  per  cent  C  and  15  per  cent  N;  carbohydrates 
contain  40  per  cent  C,  and  fats  80  per  cent  C.  A  pound 
(7000  grains)  of  dry  oatmeal  will  therefore  yield  2464 
grains  C,  but  only  126  grains  N.  To  get  the  300  grains 
of  N  it  would  therefore  be  necessary  to  make  2f  lbs. 
of  dry  oatmeal  into  porridge  for  the  day's  food.  This 
would  give,  in  round  numbers,  1500  grains  of  carbon 
too  much.  A  similar  objection  to  the  one  given  under 
(1)  would  therefore  apply  here  also. 

Oatmeal,  however,  is  a  very  favourable  example  of 
vegetable  food.  If  potatoes  were  taken,  13|  lbs.  would 
be  required  daily  to  make  up  the  necessary  quantity  of 
nitrogen. 

(3)  A  mixed  diet  ob\aates  the  disadvantage  men- 
tioned above,  enabling  the  necessary  amount  of  carbon 
and  nitrogen  to  be  gained  without  excess  of  either.  For 
example,  2  lbs.  of  bread,  together  with  |  lb.  of  cooked  meat, 
would  be  a  sufficient  daily  ration,  and  contain  no  excess 
of  either  carbon  or  nitrogen.  Besides  this,  a  mixed  diet 
is  found  to  be  more  digestible,  more  appetizing,  and 
more  economical. 

Average  Mixed  Diet. — The  average  amount  required 
daily  by  an  adult  has  been  estimated  as  follows : — 

oz.  avoirdupois, 
j'Proteids,   4^ 

In  dry  state.  ^  Carbohydrates,  ...14^ 

ISalts,   1 

Water,  3f  pints. 

It  must  be  remembered  that  the  majority  of  the 
articles  used  as  food  are  themselves  of  mixed  nature. 


=  46  oz.  of  food  in  the  ordi- 
nary moist  condition 

+ 

24  pints  of  water  taken  as 
liquid. 
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Salts,  for  example,  are  contained  in  meat,  bread, 
vegetables,  and  most  drinking  water,  so  that  it  will  only 
be  necessary  in  the  case  of  a  rational  mixed  diet  to 
supplement  this  amount  by  using  ordinary  table  salt. 
This  will  be  clearly  apprehended  from  the  table  on 
p.  78. 

CHAPTER  V. 

CIRCULATORY  ORGANS  AND  CIRCULATION. 

The  Circulatory  Organs,  which  have  already  been 
briefly  referred  to  (p.  15),  consist  of  the  Blood  vSystem 
and  the  Lymph  System,  named  respectively  from  the 
liquids  they  contain. 

The  Blood  System  is  a  closed  set  of  tubes  through 
which  the  blood  circulates,  and  these  tubes  are  sub- 
di\ided  into  (1)  the  heart,  acting  as  a  force  pump,  (2) 
arteries,  vessels  in  which  the  blood  is  going  from  the' 
heart,  (3)  veins,  vessels  in  which  the  blood  is  going  to 
or  towards  the  heart,  and  (4)  capillaries,  excessively 
minute  vessels  forming  networks  between  the  smallest 
branches  of  the  arteries  and  veins.  It  is  of  the  greatest 
importance  to  notice  that  the  arteries  and  veins,  ha^dny 
comparatively  thick  walls,  are  of  use  only  as  carriers  of 
blood,  for  no  diffusion  can  take  place  through  their  walls. 
It  is  far  otherwise  wath  the  capillaries,  the  Avails  of  which 
are  exceedingly  thin,  so  that  diffusion  can  take  place 
through  them  in  both  directions.  Tims,  as  preAaously 
explained,  most  of  the  products  of  digestion  diffuse  info 
the  capillaries  underhdng  the  epithelium  of  the  stomach 
and  intestines.  Similarly,  as  will  be  showai  in  the  sequel, 
oxygen  gas  diffuses  into  the  capillaries  of  the  lungs. 
Again,  in  the  various  tissues  of  the  body,  the  muscles,  for 
example,  products  of  waste  diffuse  into  these  mimite 
tubes.  On  the  other  hand,  we  get  diffusion  out  of  the 
capillaries  (1)  of  nutritive  substances  to  the  various  tis- 
sues for  use  in  their  repair  and  gro^Hh,  or  in  the  pre- 
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paration  of  secretions,  (2)  of  waste  products  to  the  ex- 
cretory organs. 

The  Lymph  System  contains  a  clear  fluid,  the  lymph, 
which  fills  the  large  cavities  of  the  body,  e.g.  the  body 
cavity,  and  also  the  minute  chinks  and  spaces  which 
occur  in  all  the  tissues.  It  consequently  bathes  these 
tissues  and  acts  as  a  medium  between  them  and  the 
blood  contained  in  the  capillaries,  for  it  must  be  remem- 
bered that  the  tissues  are  outside  the  capillaries.  Imagine 
a  fine-grained  piece  of  wet  sponge  and  imbedded  in  it 
a  number  of  small  parchment -walled  tubes  containing 
liquid.  The  sponge  will  roughly  represent  a  piece  of 
tissue,  the  water  permeating  it  lymph,  the  tubes  capil- 
laries, and  the  liquid  contained  in  them  blood.  Diffusion 
can  take  place  through  the  walls  of  the  tubes  in  both 
directions,  just  as  is  the  case  with  capillaries.  Lymph, 
however,  is  not  entirely  contained  in  irregular  spaces, 
but  also  in  narrow  tubes,  the  lymphatics,  which  drain 
these  spaces.  The  lacteals  already  mentioned  (p.  77) 
are  examples  of  these  tubes.  The  lymphatics  ultimately 
open  into  the  blood-system. 

THE  BLOOD  SYSTEM. 

The  blood,  which  constitutes  about  -^-^  of  the  total  body 
weight,  consists  of  an  alkaline  fluid,  the  plasma  (Gk.  for 
anything  formed),  and  of  a  vast  number  of  microscopic 
bodies,  the  blood  corpuscles,  suspended  in  it.  These 
corpuscles  are  of  two  kinds,  red,  to  which  the  colour  of 
the  blood  is  due,  and  colourless  or  white.  A  magnified 
drop  of  blood  is  represented  in  fig.  52.  The  red  cor- 
puscles are  there  seen  to  be  circular  discs  rather  thinner 
in  the  middle  which  causes  them  to  appear  dark  there 
when  viewed  flatways.  In  shed  blood  they  are  apt  to 
stick  together  like  piles  of  coin.  One  of  these  corpuscles 
is  only  ^^Vo  of  an  inch  broad,  i.e.  3200  of  them  placed 
side  by  side  would  only  extend  an  inch.  The  greatest 
thickness  is  about  a  quarter  the  breadth.  There  are 
about  12  lbs.  of  blood  in  an  average  body,  and  this  quan- 

(  M  26  )  P 
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tity  will  contain  some  thirty  billion  red  corpiiscles.  If 
these  were  placed  side  hy  side  with  their  edges  touching, 
they  would  extend,  in  round  numbers,  150,000  miles| 
or,  in  other  words,  six  times  round  the  earth.  A  red 
corpuscle  appears  yellowish  under  the  microscope,  as 
does  a  thin  layer  of  blood  to  the  naked  eye,  the  familiar 


Fig.  52.— A  Drop  of  Blood,  seen  under  a  Microscope  magnifying  350  diameters. 
a.  Red  corpuscle  seen  edgeways ;  b,  do.  seen  flatways ;  c,  white  corpuscle. 

red  colour  being  due  to  the  passage  of  light  through  a 
large  number  of  corpuscles.  A  distinction  is  drawn  be- 
tween the  framework  or  stroma  (Gk.  for  anything  spread 
out)  of  the  corpuscle  and  the  substance  hsemoglobiii 
(Gk.  haima,  blood;  glohin,  a  kind  of  proteid)  Avhich  per- 
meates the  stroma,  and  is  the  cause  of  the  red  colour. 
Both  components  are  of  proteid  nature.  Haemoglobin  is 
of  very  great  importance,  since  it  acts  as  an  oxj'gen- 
carrier. 

The  colourless  or  white  corpuscles,  often  termed  leu- 
cocytes (Gk.  leukus,  clear;  Jmlis,  small  box),  are  rather 
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larger  than  the  red  corpuscles,  being  on  an  average 
of  an  inch  in  diameter.  They  are  also  less  numerous 
than  the  red,  in  the  proportion  of  1  to  350.  In  shed 
blood,  allowed  to  cool  below  the  temperature  of  the  body, 
they  appear  as  irregular  spheres,  but  when  m  the  body, 
or  even  out  of  it  if  kept  warm,  they  exhibit  a  constant 
change  of  shape,  and  are  able  to  creep  along  by  thrusting 
out  blunt  prolongations  (fig.  53).  Leucocytes  consist  of 
protoplasm,  and  con- 
tain  a   nucleus  (cp. 

p.    64),    not   shown,    \..J'3    ^'^-=3    #  ^' 

however,  in  the  accom-  ^'..^        m  Wk 

panymg  figures.  ^  # 

Blood  plasma  has  |       £'  ^ 

a  very  variable  com-     0  Q  i$ 

position,  as  will  readily 

be   understood  from     ^'s- ''■-^^'^"^?L°°g^eB'^'Slpe; 
what  has  already  been 

said  (p.  80).  It  contains  nutritive  substances  derived 
from  the  digested  food,  and  waste  products  derived  from 
the  tissues.    The  latter  will  be  discussed  elsewhere. 

One  of  the  most  remarkable  powers  possessed  by  blood 
is  that  of  clotting  or  coagulation,  which  is  a  matter  of 
the  greatest  practical  importance  in  stopping  the  bleeding 
from  cuts,  &c.  If  some  human  blood  is  shed  from  the 
body  into  a  cup  or  other  suitable  vessel,  it  is  to  begin  with 
quite  fluid,  but  in  two  or  three  minutes  becomes  viscid, 
and  from  five  to  ten  minutes  later  sets  into  a  jelly.  A 
few  minutes  subsequent  to  this  drops  of  a  pale  yellowish 
fluid  begin  to  exude  from  the  jelly,  and  this  process  con- 
tinues until  in  from  one  to  several  hours,  the  blood  has 
completely  coagulated,  and  consists  of  a  red  clot  floating 
in  a  pale  yellow  fluid,  the  serum  (L.  for  whey).  Exami- 
nation of  a  small  portion  of  the  clot  under  the  micro- 
scope shows  that  it  consist  ^  of  innumerable  delicate  fibres 
interlacing  in  all  directions  and  binding  the  corpuscles 
into  a  firm  mass.  These  fibres  consist  of  a  proteid  which, 
from  the  manner  of  its  occurrence,  is  termed  fibrin,  and 
which  is  not  present  in  uncoagulated  blood.    The  follow- 
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ing  table  shows  the  relation  between  the  two  kinds  of 
blood : — 

Ordinary  f  plasma  j  ^        1  Coagulated 

^1-^-    t  corpuBclL  }        /  Bl-<i- 

Formation  of  Fibrin.  —This  question  is  by  no 
means  fully  understood,  but  fibrin  appears  to  arise  as  a 
result  of  ferment  action  (p.  72)  exerted  by  a  proteid 
known  as  fibrin  ferment  on  another  proteid  fibrinogen 
(fibrin;  Gk.  gennao,  I  produce)  present  in  the  plasma. 
The  leucocytes  play  some  part  in  the  matter,  probably 
having  to  do  with  the  formation  of  fibrin  ferment.  When 
blood  coagulates  fibrin  is  produced  from  fibrinogen  by 
the  action  of  the  fibrin  ferment.  Its  fibres  then  shrink, 
squeezing  out  the  serum,  but  entangling  the  corpuscles. 
If  fresh  draAvn  blood  is  'whipped'  with  a  feather  or 
bundle  of  twigs,  the  formation  of  fibrin  will  be  hastened, 
and  it  will  adhere  to  the  twigs  as  formed,  the  '  whipped 
blood'  left  behind  consisting  of  corpuscles  +  serum. 

Coagulation  is  hastened  or  retarded  by  various  con- 
ditions, of  which  the  most  important  are  the  following : — 

Hastened  by  Eetarded  by 

1.  Contact  with  foreign  bodies,      1.  Contact  with  living  walls  of 
e.gr.  when  whipped  with  twigs.  vessels.     This  prevents  it 

2.  Heating  to  102°— 131°  F.  altogether. 

2.  Cooling  to  freezing  point  or 

heating  to  133°  F. 

3.  Addition    of    various  sub- 

stances, e.g.  common  salt. 

The  Heart  is  a  hollow  muscle,  bluntly  conical  in  shape, 
and  situated  in  the  thorax  between  the  lungs  with  its  apex 
directed  downwards  and  to  the  left  (fig.  54).  The  lower 
end  of  the  heart  rests  on  the  upper  side  of  the  diaphragm, 
and  it  is  mainly  kept  in  position  by  the  large  blood- 
vessels which  enter  or  leave  its  broad  upper  end  or  base. 
The  weight  of  the  heart  is  about  9  or  10  oz.,  and  its  size 
roughly  equivalent  to  the  fist  of  the  individual.  It  is  ' 
contained  in  a  membranous  bag,  the  pericardium  (Gk. 
pSri,  round;  kardia,  heart),  the  wall  of  Avhich  consists  of 
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an  inner  layer  closely  investing  the  heart  and  a  much 
firmer  outer  layer.  Between  the  two  is  a  pericardial 
space  filled  \Adth  clear  lymph  known  as  the  pericardial 

fluid.  ■    J  ■£ 

"  A  o-ood  idea  of  the  pericardium  will  be  obtamed  it 


Fig.  54.— The  Heart  with  Its  Blood-vessels  and  the  Lungs. 

A,  The  lungs  jiuUed  uside  in  front  to  show  the  heart,  b,  and  the  bronchi,  o,  o;  c,  the 
aorta;  d,  the  pulmonary  artery;  E,  the  .superior  veuii  cava,  formed  by  the  .iunctiiin 
of  the  veins  (subclavian)  from  the  right  and  left  sides,  K,  K ;  r,  the  windpipe ; 
I,  I,  veins  from  the  head  and  neck  (jugular)  joining  k,  k;  h,  b,  arteries  (carotid)  to 
head  and  neck  ;  j,  .i,  arteries  (subclavian)  passing  to  right  and  left  sides ;  p,  i;  ribs ; 
Q,  left  coronary  artery ;  r,  right  auricle. 

one  takes  two  thin  paper  bags,  of  which  one  is  slightly 
smaller  than  the  other,  so  that  one  may  be  contained 
within  the  other,  both  being  fully  distended.  Now 
slightly  fold  back  the  edge  of  the  mouth  of  the  inner 
bag  and  gum  it  all  round  to  the  edge  of  the  mouth  of 


86 


ELEMENTARY  PHYSIOLOGY. 


the  outer  one.  There  is  now  made  a  double  bag  with 
an  inner  and  an  outer  layer,  and  a  small  space  between 
them,  completely  shut  off  from  the  outside.  Suppose 
the  closed  fist  to  be  just  large  enough  to  fill  the  inner 
bag,  it  will  represent  the  heart,  to  which  the  inner  layer 
of  the  pericardium  is  adherent.  The  wrist  will  repre- 
sent the  great  vessels  passing  off  from  the  heart,  around 
which  the  neck  of  the  double  bag  extends."— 31' Gh-egor- 
Rohertson. 

The  heart  does  not  contain  one  Continuous  cavity,  but 
four  chambers — right  and  left  auricles,  and  right  and 

left  ventricles.  The  relative 
position  of  these  is  indicated 
by  the  accompanying  dia- 
gram (fig.  55),  which  showr. 
that  the  heart  is  divided 
into    (1)    right    and  left 
halves  by  a  longitudinal  par- 
tition, and  (2)  basal  and 
apical  halves  by  a  transverse 
partition.  Four  chambers  are 
thus  constituted;  but  while 
the   longitudinal  partition 
is  quite  complete,  so  that 
there  is  no  direct  commimica  tion 
betioeen  right  and  left  halves,  the  transverse  partition  has 
a  hole  (auriculo- ventricular  opening)  in  it  on  each  side, 
so  that  the  right  and  left  auricles  respectively  communi- 
cate with  the  right  and  left  ventricles,  as  indicated  by 
the  arrows.    The  wall  of  the  heart  is  chiefly  made  up 
of  bundles  of  muscular  fibres  arranged  in  a  very  complex 
manner,  but  chiefly  taking  an  oblique  direction.  When 
they  contract  the  contained  cavities  are  diminished  in 
size  (cf.  p.  73)  and  the  blood  squeezed  out  of  them.  The 
walls  of  the  different  chambers  are  not  of  the  same  thick- 
ness (figs.  55  and  60),  but  are  proportionate  to  the  Avork 
that  has  to  be  done  in  each  case.    The  auricles,  which 
occupy  the  base  of  the  heart,  are  so  named  (L.  auricula, 
little  ear)  because  to  each  of  them  a  little  flap  is  attached 


Base 


Pig.  55.— Diagram  of  Auricles  dnd 
Ventricles. 
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(fig.  57)  which  has  been  compared  to  a  dog's  ear.  Their 
walls  are  comparatively  thin,  and  collapse  when  the  heart 
is  taken  out  of  the  body,  unless  special  precautions  are 
taken  to  prevent  it.  The  function  of  the  auricles  is  to 
receive  blood  from  certain  veins  and  squeeze  it  into  the 
corresponding  ventricles.  Their  walls  are  thin  because 
this  work  is  comparatively  light.  The  ventricles  (L.  ven- 
triculus,  little  belly)  receive  blood  from  the  auricles  and 
pump  it  out  of  the  heart  into  certain  arteries.  This  being 
•  severer  work  than  that  done  by  the  auricles,  their  walls 
are  thicker;  and  since  the  left  ventricle  has  the  harder 
work  to  do,  its  walls  are  thicker  than  those  of  the  right 
ventricle  (figs.  55  and  60). 

These  preliminaries  being  understood,  further  details 
will  now  be  given,  it  being  also  remembered  that  veins 
carry  blood  to  the  heart,  and  arteries  carry  blood  from  it. 
Besides  this  the  terms  j^ure  and  impure  blood  require 
explanation.  Impure  blood  is  that  coming  from  the 
body  at  large,  to  the  tissues  of  which  it  has  given  up 
much  of  its  oxygen,  while  in  return  it  has  received  from 
them  carbon  dioxide  (COg),  as  well  as  other  waste  pro- 
ducts which  need  not  be  considered  in  this  connection. 
Pure  blood  is  that  which  comes  from  the  lungs,  where  it 
has  got  rid  of  its  excess  of  COg  and  absorbed  its  full 
amount  of  oxygen.  Impure  blood  is  bluish  violet,  pure 
blood  bright  scarlet  in  colour.  In  popular  language  the 
terms  venous  and  arterial  are  often  used  instead  of  impure 
and  pure,  veins  and  arteries  being  defined  in  a  corre- 
sponding way  as  vessels  containing  impure  and  pure 
blood  respectively.  This  in  the  main  accords  with  the 
facts  of  human  physiology;  but  as  some  veins  contain 
pure  blood  and  some  arteries  impure  blood,  it  is  best  to 
drop  the_  terms  venous  and  arterial  altogether,  and  to 
define  veins  and  arteries  with  reference  to  the  direction 
of  blood-flow  in  them.  If  this  is  not  done  the  beginner 
is  sure  to  be  confused  more  or  less.  In  figs.  A-d  the 
parts  containing  impure  blood  are  coloured  purple,  and 
those  containing  pure  blood  are  coloured  red.  It  will 
be  seen  at  a  glance  that  the  right  side  of  the  heart  con- 
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tains  nothing  but  impure  and  the  left  side  nothing  but 
pure  blood. 

External  Characters  of  the  Heart  (hg.  b).  At 

the  base  are  seen  the  large  veins  Avhich  enter  the  auri- 
cles and  the  large  arteries  which  leave  the  ventricles. 

(1)  Veins.  Two  large  veins,  the  superior  and  inferior 
vena  cava  (L.  for  upper  and  lower  emjaty  veins),  return 
the  impure  blood  of  the  body  to  the  right  auricle,  and 
four  much  smaller  pulmonary  veins  (L.  imlmo,  lung) 
return  pure  blood  from  the  lungs  into  the  left  auricle. 

(2)  Arteries.  The  large  pulmonary  artery  opens  out  of 
the  right  ventricle  and  carries  its  impure  blood  to  the 
lungs,  while  the  pure  blood  from  the  left  ventricle  is 
carried  off  by  the  aorta  (Gk.  aeiro,  I  carry),  Avhich  is  the 
largest  artery  in  the  body.  A  groove  marks  off  the 
aiu-icles  from  the  ventricles,  and  the  boundary  l^etAveen 
right  and  left  ventricles  is  also  indicated  by  a  groove. 
The  front  or  ventral  side  of  the  heart,  shown  in  fig.  57, 
can  be  distinguished  by  the  fact  that  the  aorta  and  pul- 
monary artery  begin  there,  while  the  inferior  cava  and 
pulmonary  veins  open  into  the  dorsal  side  or  back.  The 
easiest  way  of  distinguishing  right  and  left  is  to  notice 
that  the  walls  of  the  right  ventricle  are  comparatively 
soft,  while  the  left  ventricle  extends  into  the  extreme 
apex  of  the  heart  (compare  figs.  B  and  60)  and  the  aorta 
curves  round  to  the  left  (fig.  b). 

Interior  of  the  Heart  (figs,  c,  d,  and  60).— When 
the  right  auricle  is  cut  open  two  large  and  one  smaller 
openings  into  it  and  one  large  opening  out  of  it  can  be 
distinguished.  The  two  large  openings  into  it  are  those 
of  the  superior  and  inferior  vena  cava,  the  latter  being 
guarded  (see  fig.  d)  by  a  crescentic  flap,  the  Eustachian 
valve.  Just  below  this  is  the  smaller  opening  (not 
shown  in  the  figure),  that  of  the  coronary  sinus,  which 
is  guarded  by  a  membranous  fold,  the  Thebesian  valve. 
The  large  opening  out  of  the  auricle  is  the  right  aui'i- 
cnlo  -  ventricular  opening,  leading  into  the  right  ven- 
tricle. 

There  are  two  openings  in  the  wall  of  the  right  van- 
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tricle 
these 


tricle,  the  one  just  mentioned  as  opening  into  it,  and 
the  opening  of  the  pulmonary  artery  out  of  it.  Both 
are  guarded  by  valves  which  secure  the  flow  of  blood  in 
one  direction  only.    That  belonging  to  the  auriculo- 
ventricular  opening  is  termed  the  tricuspid  valve  (L. 
tres,  three;  cuspis, 
point)  because  it 
consists  of  three 
firm  membranous 
flaps,  triangulai- 
in   shape,  which 
are   attached  to 
the  fibrous  mar- 
gin of  the  orifice 
and  project  into 
the  ventricle. 
AYhen    the  ven 
contracts, 
flaps  (pre- 
viously floated  up 
by  the  blood)  are 
driven  towards 
one  another,  so  as 
to    prevent  the 
blood  from  flow- 
ing back  into  the 
auricle.  The  flaps 
would,  however, 
be    forced  back 
into   the  auricle 
by  the  pressure  of  the  blood  if  there  were  not  a  further 
arrangement  to  prevent  it.    The  inner  wall  of  the  ven- 
tricle presents  a  number  of   fleshy  projections  (the 
colunmae  carnese  =  L.  for  fleshy  columns),  some  of  which, 
the  papillary  muscles,  are  conical  or  cylindrical  in  shape 
and  stick  out  into  the  cavity  of  the  ventricle.  Numerous 
exceedingly  tough  fibrous  cords  (chordae  tendinese  =  L. 
for  tendinous  cords),  resembling  tendons  in  nature,  run 
from  the  papillary  muscles  to  the  flaps  of  the  valve  and 


Fig.  60.— The  Heart  opeued  from  the  frout  to  show 
its  Chambers. 

A  and  B,  Right  and  left  ventricles;  c  and  d,  right  and 
left  auricles;  e,  tricuspid,  and  f,  mitral  valve.s;  o,  pul- 
monary artery  ;  n,  aorta;  i,  orifice  of  inferior  veua 
cava;  k,  superior  vena  cava;  l,  l,  orifices  of  pulmonary 
veins ;  m,  termination  of  longitudinal  septum ;  p,  pa- 
pillary muscle. 
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prevent  them  from  being  driven  into  the  auricle.  The 
action  of  the  papillary  muscles  is  not  fully  understood, 
but  they  probably  contract  before  the  rest  of  the  ven- 
tricular wall  and  commence  the  closure  of  the  valve  by 
drawing  the  flaps  together. 

The  semilunar  valves  at  the  origin  of  the  pulmonary 
artery  allow  the  blood  to  flow  out  of  the  ventricle,  but 
prevent  its  return.  They  are  three  little  firm  mem- 
branous pouches  (best  seen  in  fig.  60),  often  called 
'watch-pocket'  valves,  because  they  resemble  in  shape 
the  watch-pockets  often  seen  fastened  up  in  bed-rooms 
for  holding  a  watch  at  night.  The  cavities  of  these 
pouches  are  turned  towards  the  cavity  of  the  artery. 
When  blood  passes  out  of  the  ventricle  they  collapse  and 
off'er  no  resistance,,  but  when  blood  tries  to  force  its  way 
back  into  the  ventricle  they  are  bulged  out  so  as  to  meet 
one  another  and  stop  the  passage.  But  three  curved 
pouches  like  these  would  still  leave  a  minute  aperture  in 
the  middle,  if  it  were  not  for  three  little  thickenings, 
one  of  which  is  situated  on  the  edge  of  each  pouch,  just 
at  its  centre. 

Within  the  left  auricle  will  be  noted  the  four  small 
openings  of  the  pulmonary  veins  into  the  cavity,  and 
leading  out  of  it  the  left  auriculo-ventricular  opening-, 
which  is  rather  smaller  than  the  right.  The  interior  of 
the  left  ventricle  resembles  in  many  respects  that  of  the 
right  ventricle,  there  being  one  aperture  into  and  one  out 
of  it,  but  the  left  auriculo-ventricular  valve  is  guarded  by 
two  flaps  only,  hence  the  name  bicuspid,  or  else  mitral 
valve,  from  a  fancied  resemblance  to  a  bishop's  mitre. 
The  origin  of  the  aorta  is  guarded  by  three  semilunar 
or  watch-pocket  valves  similar  to  those  already  described. 
These  and  the  mitral  valve  act  in  the  same  way  as  the 
corresponding  structures  on  the  right  side  of  the  heart. 

The  action  of  the  heart  involves  a  regularly  recurring 
series  of  events  which  together  make  up  what  is  termed 
a  cardiac  revolution  or  cycle,  or  'beat',  occupying  in 
an  average  adult  ^  oi  o.  second,  i.e.  the  heart  beating  75 
times  a  minute.    First  of  all  the  short  auricular  systole 
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(Gk.  susflllo,  I  contract)  occurs,  the  two  auricles  contract- 
ing together  and  squeezing  their  blood  into  the  ventricles, 
then  follows  the  longer  ventricular  systole,  during  which 
the  ventricles  pump  blood  into  the  pulmonary  artery  and 
aorta — and,  lastly,  comes  a  still  longer  pause.  While 
the  auricles  are  contracting,  and  during  the  pause,  the 
ventricles  are  relaxing,  and  similarly  the  auricles  are  re- 
laxing while  the  ventricles  are  contracting,  and  during 
the  pause.  The  term  diastole  (G-k,  di,  apart;  stello,  I 
place)  is  applied  to  this  relaxation.  The  relation  in  time 
of  these  events  for  an  average  cardiac  cycle  may  con- 
veniently be  expressed  by  the  following  diagram,  where 
the  eight  divisions  of  the  line  are  equivalent  to  tenths  of 
a  second.    (A.S.  =  auricular  systole.) 


A.S. 


Ventricular  Systole 

I  I  I 


CARDIAC  CYCLE  

 Pause - 


Ventricular  Diastole 


Auricular 


Diastole 


Venti'icular  Diastole 


Thus  during  the  first  tenth  of  a  second  the  ventricles 
are  finishing  up  a  relaxation  commenced  in  the  previous 
cycle  (indicated  by  dotted  line  to  left),  then  they  con- 
tract for  of  a  second,  and  then  begin  a  period  of  re- 
laxation which  ends  during  the  next  cycle  (as  indicated 
by  the  dotted  line  to  right).  It  further  appears  that  the 
auricles  rest  for  |  their  time  and  the  ventricles  for  |.  It 
must  not  be  supposed  that  blood  enters  the  ventricles 
07ili/^  during  the  auricular  systole :  it  flows  into  them 
during  the  pause  as  well.  In  other  words,  blood  is 
passing  from  auricles  into  ventricles,  excejjt  during  the 
ventricular  systole,  at  which  time  the  tricuspid  and 
mitral  valves  are  closed.  The  semilunar  valves  are  only 
open  during  the  last  two-thirds  of  the  ventricular  systole.. 

The  contraction  of  the  heart,  and  more  particularly  of 
the  ventricles,  causes  it  to  be  jerked  upwards  and  for- 
wards so  that  during  the  ventricular  systole  its  apex  is 
projected  against  the  wall  of  the  chest,  between  the  fifth 
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and  sixth  ribs  on  the  left  side.  This  phenomenon  is 
known  as  the  cardiac  impulse,  or  'beating'  of  the  heart. 
Besides  this,  the  contraction  of  the  heart  is  accompanied 
by  sounds,  which  can  be  heard  through  a  stethoscojje 
applied  to  the  chest.  There  is  (1)  a  long  dull  sound,  heard 
during  the  contraction  of  the  ventricles,  and  (2)  after  a 
brief  pause  a  short  sharp  sound,  immediately  following 
their  contraction.  Muscles  give  out  sounds  when  con- 
tracting, and  the  first  sound  is  probably  in  part  such  a 
'  muscular  sound due  to  contraction  of  the  walls  of  the 
ventricles.  It  may,  however,  be  partly  due  to  vibration  of 
the  flaps  of  the  tricuspid  and  mitral  valves.  The  second 
sound  is  undoubtedly  due  to  the  closure  of  the  semilunar 
valves. 

Work  of  the  Heart. — It  is  usual  to  estimate  work 
in  foot-pounds,  a  foot-pound  being  the  work  done  in 
raising  a  pound  through  the  distance  of  a  foot.  Measured 
in  this  way  an  average  heart,  during  twenty-four  hours, 
does  an  amount  of  work  equal  to  that  required  to  raise 
an  average  adult  (weighing  154  lbs.)  to  a  height  of  |-  of 
a  mile — i.e.  about  268,800  foot-pounds.  Three-quarters 
of  this  work  is  done  by  the  left  ventricle. 

BLOOD-VESSELS  AND  COURSE  OF  THE  CIRCULATION. 

It  will  already  have  been  realized  from  the  last  few 
pages  that  the  heart  is  so  constructed  as  to  allow  the 
blood  to  flow  in  one  direction  only.  When  the  auricles 
contract  the  blood  does  not  flow  back  into  the  veins 
but  into  the  ventricles,  because  this  is  the  easier  coiirse. 
When  the  ventricles  contract  the  tricuspid  and  mitral 
valves  close  so  that  the  blood  cannot  flow  back  into  the 
auricles,  and  is  therefore  forced  into  the  pulmonary 
artery  and  aorta.  It  is  prevented  by  the  semilunar 
valves  from  returning  to  the  ventricles. 

Course  of  the  Circulation  (fig.  56).— It  will  now 
be  convenient  to  trace  the  course  of  the  blood  Avheii  it 
leaves  the  heart.  The  impure  blood  received  by  the 
right  ventricle  from  the  right  auricle  is  pumped  into  the 
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pulmonary  artery,  Avhich  divides  into  two  branches,  one 
for  each  king.  These  branches  divide  repeateclly  into 
smaller  and  smaller  arteries,  which  at  last  open  into  the 
network  of  capillaries  by  which  the  lungs  are  permeated. 
In  these  capillaries  the  blood  is  purifiecl,  and  then  flows 
into  minute  veins  which  unite  into  larger  and  larger 
trunks  till  at  last  the  four  pulmonary  veins  are  reached, 
which  open  into  the  left  auricle.  That  part  of  the  circu- 
lation, so  far  described,  is  often  known  as  the  lesser,  or 
pulmonary  circulation. 

The  pure  blood  entering  the  left  auricle  passes  on  into 
the  left  ventricle  and  thence  into  the  aorta,  which  con- 
veys it  to  all  parts  of  the  body  except  the  lungs.  The 
curved  beginning  of  the  aorta  [arch  of  the  aorta)  gives  off 
branches  to  the  heart  itself  {coronary  arteries),  to  the  neck 
and  head  {carotid  arteries),  and  to  the  upper  limbs  {sub- 
chvian  arteries)  (fig.  5-i).  The  rest  of  it,  known  from  its 
position  as  the  dorsal  aorta,  runs  just  in  front  of  the  back- 
bone through  thorax  and  abdomen,  giving  off  numerous 
branches  in  its  course.  In  the  lower  part  of  the  abdomen 
the  aorta  divides  into  two  iliac  arteries  for  the  lower  limbs 
(fig.  71).  All  the  branches  of  the  aorta  divide  and  re- 
divide  into  smaller  and  smaller  arteries  till  capillaries 
are  reached.  In  these  capillaries  the  blood  becomes  im- 
pure and  then  passes  into  minute  veins,  which,  by  their 
repeated  union,  originate  trunks  of  larger  and  larger  size. 
Finally  the  blood  enters  the  veins  which  open  into  the 
right  auricle.  These  are  (1)  the  coronary  sinus,  formed 
by  the  union  of  branches  from  the  wall  of  the  heart 
itself,  (2)  the  superior  vena  cava,  formed  by  union  of 
veins  from  the  head,  neck,  and  upper  limbs,  and  (3)  the 
inferior  vena  cava,  made  up  of  trilDutary  veins  from  the 
trunk  and  lower  limbs.  The  last  vein  is  the  largest  in 
the  body.  In  the  abdomen  it  runs  along  the  right  side 
of  the  aorta,  but  in  the  thorax  it  is  situated  a  little  dis- 
tance in  front  of  it.  That  part  of  the  blood  system  just 
described  is  often  termed  the  greater  or  systemic  circu- 
lation. Two  subordinate  parts  of  it  require  further  notice, 
i.e.  those  constituting  the  coronary  and  portal  systems. 
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Coronary  System.— The  large  amount  of  work  done 
by  the  heart  renders  it  specially  necessary  that  arrange- 
ments should  be  made  for  supplying  it  with  pure  and 
nourishing  blood,  and  for  carrying  away  its  waste  pro- 
ducts. The  heart  is  not  able,  as  might  be  supposed,  to 
absorb  the  necessary  amount  of  nutritious  material  and 
oxygen  from  the  blood  contained  within  it,  nor  can  all 
its  waste  products  make  their  Avay  into  that  blood. 

Two  coronary  arteries,  coming  off  from  the  very  be- 
ginning of  the  aorta,  branch  up  in  the  walls  of  the  heart 
and  supply  them  with  blood,  while  their  waste  products 
are  carried  off  by  coronary  veins,  the  most  important 
of  which  unite  to  form  the  coronary  sinus.  The  shortest 
course  by  wdiich  any  portion  of  blood  can  pass  from  the 
left  to  the  right  side  of  the  heart  is  by  means  of  the 
coronary  vessels.  (These  vessels  are  seen  branching  on 
surface  of  heart  in  fig.  57.) 

Portal  System. — The  veins  which  carry  aAvay  the 
blood  from  the  stomach,  intestines,  pancreas,  and  spleen 
unite  together  into  a  large  trunk  known  as  the  portal 
vein.  This,  instead  of  opening  into  a  still  larger  vein, 
runs  to  the  liver  and  breaks  up  into  smaller  veins  Avhich 
divide  repeatedly  in  the  tissues  of  that  organ,  ultimately 
communicating  with  its  capillaries.  From  these  capil- 
laries small  veins  again  begin,  and  by  their  union  give 
rise  to  two  or  three  large  hepatic  veins,  which  open  into 
the  inferior  vena  cava.  The  longest  course  by  which  a 
portion  of  blood  can  pass  from  the  left  to  the  right  side 
of  the  heart  is  through  the  portal  system.  The  liver  is 
not  only  supplied  with  impure  blood  by  means  of  the 
portal  vein,  but  also  Avith  pure  blood  by  means  of  the 
hepatic  artery,  which  comes  off  from  a  branch  of  the 
aorta.  The  question  naturally  arises — why  should  the 
blood  from  the  digestive  organs  go  through  the  liver  ? 
In  answering  this  question  it  must  be  remembered  that 
this  blood  contains  all  the  products  of  digestion  except 
the  digested  fat,  and  it  appears  that  the  liver  takes  up 
and  stores  the  digested  carbohydrates  for  the  use  of  the 
body,  dealing  them  out  again  as  required. 


BLOOD-VESSELS  AND  COURSE  OF  THE  CIRCULATION.  95 

Structure  of  Blood-vessels. — Arteries  and  veins 
have  been  so  far  regarded  as  vessels  carrying  blood  from 
and  to  the  heart  respectively,  the  portal  vein_  being  an 
exception  in  so  far  that  it  breaks  up  again  into  small 
veins  in  the  substance  of  the  liver.  Capillaries  have 
been  defined  as  exceedingly  small  vessels  intervening 
between  the  smallest  arteries  and  the  smallest  veins. 
The  structural  differences  between  these  three  kinds  of 
blood-vessel  may  now  be  con-  „ 


it  is  convenient  to  consider  first,  make  up  networks 
(cp.  fig.  51)  with  meshes  of  various  sizes  and  shapes  in 
all  parts  of  the  body  except  the  epidermis  (including 
hair  and  nails)  epithelium,  teeth,  and  cartilage.  The 
name  capillary  (L.  capillus,  hair)  is  rather  an  unfortunate 
one,  as  these  vessels  are  very  much  smaller  than  hairs, 
being  not  more  than  from  -^^q-^  to  -o  oVo  ^^^^  in 

diameter.  The  smallest  therefore  will  only  allow  the 
red  corpuscles  to  squeeze  through  them  in  single  file. 
The  exceedingly  thin  walls  of  capillaries  are  made  up  of 
simple  squamous  epithelium,  i.e.  a  single  layer  of  flat- 
tened epithelial  cells  (fig.  61).  A  small  artery  (fig.  62) 
will  not  only  be  much  larger  than  a  capillary,  but  its 
walls  will  be  much  thicker  and  composed  of  several 
coats.  These  are:  (1)  a  lining  layer  of  epithelium  (a)  like 
that  of  the  capillary  walls;  (2)  an  elastic  membrane;  (3) 


Fig.  61.— The  Structure  of  Capillaries. 


Fig.  62.— Structure  of  an 
Artery. 
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layer  of  involuntary  muscle  (b)  consisting  of  fibres  running 
in  a  circular  direction ;  (4)  a  layer  (c)  of  filjrous  connective 
tissue.  A  small  vein  will  possess  the  same  layers,  but 
its  walls  will  be  thinner,  as  the  elastic  and  muscular  parts 
of  it  are  not  so  well  developed  as  in  an  artery.  The 
difference  between  the  large  veins  and  arteries  will  be 
still  more  marked.  In  dissecting  such  an  animal  as  a 
rabbit  or  cat,  the  difference  between  the  thin-walled 
veins  and  the  thick- walled  arteries  is  very  apparent. 
The  former  will  be  full  of  blood,  w^hile  the  latter  are 
pale  and  almost  emj^ty  since  at  death  their  muscular 
walls  contract  and  force  out  the  blood  into  the  veins. 
Another  important  distinction  is  that  veins  are  provided 
with  valves  here  and  there  during  their  course,  while 
arteries  are  not.  These  valves  are  j)ouch-like  folds  of 
the  veins  which  act  in  much  the  same  way  as  the  semi- 
lunar valves,  and  prevent  the  blood  from  flo"\^ang  back 
away  from  the  heart.  These  valves  can  easily  be 
demonstrated  in  any  one  of  the  long  blue  veins  which 
can  be  seen  running  from  the  hand  along  the  front  of 
the  forearm.  If  a  finger  tip  is  firmly  pressed  on  one  of 
these  and  carried  along  it  towards  the  hand,  a  little 
swelling  will  arise  at  some  point  in  the  vein  in  front  of 
the  finger  tip.  This  swelling  marks  the  position  of  a 
valve.  The  pressure  of  the  finger  has,  in  fact,  been  forcing 
the  blood  the  "v^Tong  way,  and  closed  the  valve,  so  that 
the  vein  is  made  to  swell  up  by  pressure  of  the  blood 
unable  to  pass  it.  Each  of  the  valves  usually  consists  of 
two  pouches.  In  comparing  small  arteries  with  large, 
the  former  are  distinguished  by  the  relatively  large 
amount  of  muscle  in  their  walls,  and  the  latter  by  the 
abundance  of  their  elastic  tissue. 

Character  of  the  Circulation  in  the  Blood- 
vessels.— Owing  to  the  difference  in  size  and  structure 
between  the  difterent  kinds  of  blood-vessel,  and  to  the 
different  position  which  these  have  as  regards  the  heart; 
it  is  not  to  be  expected  that  blood  should  floAv  through 
them  in  exactly  the  same  way.  Arteries  are  nearer  the 
heart  than  the  other  vessels,  and  Avhen  one  of  them  is 
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cut,  the  blood  comes  out  in  spurts  which  correspond  to 
the  beats  of  the  heart.  Veins,  on  the  other  hand,  are 
furthest  from  the  heart,  -and  it  is  therefore  not  sur- 
prising that  when  one  of  them  is  cut  the  blood  should 
flow  out  continuously  and  more  slowly. 

These  last-mentioned  facts  are  of  great  practical  im- 
portance, as  in  case  of  an  injury  severing  a  blood-vessel, 
they  enable  one  to  determine  whether  it  is  an  artery  or 
vein.  In  the  former  case  the  bleeding  may  be  stopped 
by  applying  pressure  on  the  heart-side  of  the  injury,  and 
in  the  latter  by  applying  it  on  the  side  awmj  from  the 
heart.  The  rate  of  flow  depends  partly  upon  the  near- 
ness to  the  heart,  and  partly  upon  the  amount  of  friction 
offered  by  the  walls  of  the  blood-vessels.  In  a  large 
artery,  such  as  the  carotid  of  a  dog,  the  blood  may  flow 
at  the  rate  of  from  12  to  20  inches  per  second,  but  as  the 
arteries  divide  again  and  again  the  rate  gradually  di- 
minishes, just  as  a  river  runs  more  slowly  when  it  breaks 
up  into  a  number  of  channels  or  broadens  into  a  lake. 
In  the  smallest  arteries  the  flow  is  probably  only  a  small 
fraction  of  an  inch  per  second.  The  capillaries  present 
a  very  great  resistance  to  the  passage  of  blood,  for  to 
force  liquid  through  them  is  almost  like  forcing  it 
through  a  piece  of  sponge,  and  the  rate  of  flow  is  esti- 
mated at  rather  less  than  2  inches  per  minute.  As  the 
blood  begins  to  pass  from  the  capillaries  into  the  small 
veins,  its  pace  quickens,  and  finally  in  the  largest  veins, 
such,  for  example,  as  the  jugular  of  the  dog,  it  reaches 
the  rate  of  some  8  inches  per  second. 

Proofs  of  the  Circulation.— The  structure  of  the 
heart  and  the  presence  of  valves  in  the  veins  are  enough 
in  themselves  to  prove  that  blood  circulates  through  the 
blood-system  in  the  direction  that  has  already  been 
described.  Injection  of  coloured  liquids  into  the  vessels 
of  dead  bodies  also  proves  that  the  heart  and  blood- 
vessels are  adapted  for  conducting  blood  by  a  particular 
course.  But  in  addition  to  this,  the  circulation  of  the 
blood  can  be  easily  demonstrated  in  the  living  body. 
The  best  means  of  doing  this  is  to  observe  the  trans- 
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parent  web  of  a  frog's  foot  under  a  low  power  of  the 
microscope.  Here  the  blood  can  actually  be  seen  flowing 
from  small  arteries  into  capillaries,  and  from  capillaries 
into  veins.  The  arteries  can  be  easily  recognized, 
because  in  them  the  blood  ah\^ays  flows  from  larger  to 
smaller  branches,  while  the  contrary  is  true  for  the 
veins.  It  is  also  noticeable  that  the  red  corpuscles  (here 
very  large,  oval,  and  nucleated)  keep,  Avhere  possible,  in 
the  centre  of  the  stream,  while  the  white  corpuscles  roll 
along  the  walls  of  the  vessels  on  the  margins  of  the 
stream.  Another  proof  of  the  circulation  is  found  in  the 
facts  already  given  about  the  ^ow  of  blood  from  cut 
arteries  and  veins.  To  this  may  be  added  that  soluble 
substances,  injected  into  a  blood-vessel  or  absorbed  from 
the  alimentary  canal,  soon  make  their  way  all  over  the 
system. 

The  elasticity  of  the  arteries,  especially  the  large 
ones,  plays  an  important  part  in  the  circulation.  If 
Avith  an  india-rubber  sj^ringe,  used  to  represent  the 
heart,  water  is  forced  by  a  series  of  strokes  into  a  tube 
with  inelastic  walls,  say  a  glass  or  lead  tube,  it  will  flow 
out  at  the  other  end  in  jerks,  and  this  will  happen  even 
if  the  resistance  is  increased  by  plugging  the  end  of  the 
tube  with  a  piece  of  sponge.  The  same  transmission  in 
jerks  will  happen  if  an  india-rubber  tube  is  substituted, 
unless  the  resistance  is  increased  by  blocking  its  end 
Avith  sponge  or  in  some  other  manner.  In  that  case  the 
tube  Avill  sAvell  up  AAdth  each  stroke  of  the  syringe,  and 
there  Avill  be  a  steady  floAV  of  Avater  from  its  far  end. 
In  fact,  the  force  of  each  stroke  is  partly  expended  in 
driving  the  water  forwards  and  partly  in  dilating  the 
tube,  AA^hile  before  the  next  stroke,  the  elastic  Avail  of  the 
tube  Avill  return  to  its  former  condition,  driving  on  the 
liquid  as  it  does  so.  Exactly  the  same  kind  of  thing 
happens  in  the  case  of  the  elastic  arteries. 

When  the  ventricles  contract,  part  of  the  force  goes  to 
expand  their  walls,  which  recoil  again  during  the  ven- 
tricular diastole,  and  continue  the  pumping  AA'ork.  The 
blood  therefore  Aoavs  Avith  a  fairly  even  current,  instead 
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of  being  propelled  in  a  series  of  jerks,  as  would  be  the 
case  if  the  walls  of  the  arteries  were  inelastic.  What  is 
known  as  the  pulse  simply  consists  of  the  alternate 

expansion  and  recoil  of  the 
elastic  walls  of  the  arteries, 
as  the  ventricles  alternately 
contract  and  relax. 

The  muscular  layer  in  the 
Avails  of  the  arteries,  especi- 
ally of  the  smaller  ones, 
serves  another  purpose :  that 
of  regulating  their  size.  The 
fibres  of  this  layer  run  in  a 
circular  way,  so  that  when 
they  contract  the  artery  is 
narrowed.  Their  state  of 
contraction  is  I'egulated  by 
certain  nerves,  known  from 
their  function  as  vaso-motcr 
(L.  vas,  vessel ;  motor,  mover) 
nerves.  Under  ordinary  cir- 
cumstances these  fibres  are 
in  a  tonic  or  half-contracted 
state,  but  they  can  be  made 
to  contract  more  or  to  con- 
tract less,  as  a  result  of  which 
the  artery  is  narroA\'ed  or 
widened  respectively.  In 
this  way  the  amount  of  blood 
supplied  to  the  different  jjarts 
of  the  body  is  regulated. 


Fig.  r4. 


-L3-mphatics  of  the  Arm 
and  Arm-pit. 


Glands  at  the  inner  side  of  the  elbow  a,  6, 
in  the  arm-pit  e,  c,  c,  on  the  chest  in  front 
of  the  arm-pit  d,  above  the  collar-bone 
and  communicating  with  the  arm-pit 
e,  /,  g,  g  point  to  lymphatic  vessels  form- 
ing an  arch  round  the  hand.  The  dark 
lines  are  lymphatic  vessels. 


LYMPHATIC  SYSTEM. 


It  is  not  necessary  for 
the  elementary  student  to 
know  much  more  about  this  system  than  has  already 
been  explained  on  pp.  77  and  81.  The  lacteals,  which  be- 
long to  the  intestine  and  carry  away  the  digested  fats 
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from  it,  run  in  the  mesentery,  and  ultimately  enter 
the  lower  end  of  the  thoracic  duct  (figs.  63,  213),  a 
tube  about  as  thick  as  a  crow-quill,  which  lies  along 
the  front  of  the  backbone,  from  the  second  lumbar 
vertebra  to  the  base  of  the  neck,  and  opens  into  the 
left  subclavian  vein  (near  3).  Nearly  all  parts  of 
the  body  are  traversed  by  lymphatics,  which  are  quite 
similar  to  the  lacteals  in  structure,  and  for  the  most 
part  open  into  the  thoracic  duct  (4).  Both  lacteals 
and  ordinary  lymphatics  resemble  small  veins  in  struc- 
ture, and  contain  numerous  valves.  Unlike  veins,  how- 
ever, they  remain  of  about  the  same  size  in  all  parts 
of  their  course,  and  here  and  there  they  traverse  small 
swellings  (fig.  64)  known  as  lymphatic,  or  in  the  case  of 
the  lacteals,  as  mesenteric  glands.  These  are  not  glands 
in  the  sense  already  defined  (p.  64),  and  since  they 
possess  no  ducts,  are  often  called  '  ductless  glands '. 
Their  function  is  to  produce  new  leucocytes. 

The  spleen  (fig.  48)  is  usually  reckoned  to  belong  to 
the  lymphatic  system,  and  is  another  example  of  a 
'  ductless  gland '.  Its  duty  appears  to  be  that  of 
destroying  used  up  red  corpuscles  which  are  no  longer 
fit  to  circulate  in  the  blood-vessels. 


CHAPTER  VI. 

RESPIRATORY  ORGANS  AND  RESPIRATION. 

The  physiological  meaning  of  breathing  or  respiration 
has  already  been  briefly  explained  (p.  15)  as  the  means 
by  which  the  blood  maintains  its  supply  of  oxygen,  and 
gets  rid  of  its  excess  of  carbon  dioxide,  together  with  a 
great  deal  of  water.  The  lungs  are  two  red  spongy 
bodies,  which  together  weigh  about  2^  lbs.  in  the  adult, 
and  fill  during  life  the  greater  part  of  the  cavity  of  the 
thorax,  one  on  each  side  of  the  heart  (fig.  54).  Each 
lung  is  somewhat  conical  in  shape,  with  a  blunt  apex 
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above  and  a  concave  base  below,  where  it  fits  against  the 
diaphragm.  The  other  side  is  convex,  and  fits  closely 
against  the  wall  of  the  thorax,  while  the  inner  side  is 
concave  in  correspondence  with  the  convex  shape  of  the 
heart.  The  left  lung  is  divided  into  upper  and  lower 
lobes,  and  the  right  lung  into  uj^per,  middle,  and  loAver 
lobes.  Just  as  the  heart  is  suspended  in  the  thorax  by 
the  great  blood-vessels  at  its  base,  being  free  elsewhere, 
so  is  each  lung  suspended  by  the  large  blood-vessels 
which,  enter  and  leave  it,  and  by  one  of  the  two  branches 
of  the  windpipe  (bronchi,  fig.  65,  b,  c).  All  these 
structures  are  attached  to  what  is  known  as  the  '  root ' 
of  the  lung,  situated  rather  above  the  middle  of  its  inner 
side.  Except  at  then*  roots,  the  lungs  are  quite  free. 
It  has  been  explained  that  the  heart  is  contained  in  a 
double  bag,  the  pericardium  (p.  85),  and  in  the  same 
way  each  lung  is  contained  in  a  similar  bag,  called  in 
this  case  the  pleura  (Gk.  ijleura,  side).  The  outer  laj^er 
of  each  pleura  lines  its  half  of  the  thorax  much  as  the 
peritoneum  lines  the  abdomen,  abuts  against  one  side  of 
the  pericardium,  and,  where  not  separated  by  the  heart, 
comes  into  contact  with  the  corresponding  layer  of  the 
other  pleura.  The  inner  layer  of  the  pleura  closely  in- 
vests the  lung,  at  the  root  of  Avhich  it  becomes  continuous 
with  the  outer  layer.  During  life  the  two  layers  are  in 
close  contact,  but  there  is  a  small  amount  of  lymph 
between  them,  so  that  they  are  kept  moist,  and  can 
easily  glide  over  one  another  during  the  movements  of 
breathing. 

The  windpipe  or  trachea  (fig.  65,  a),  by  Avhich  air  is 
carried  to  and  from  the  lungs,  is  a  tube  rather  less  than 
an  inch  broad,  which  runs  down  the  front  of  the  neck 
into  the  upper  part  of  the  thorax,  where  it  forks  into 
two  smaller  tubes,  the  bronchi  (Gk.  brunchos,  windpipe), 
one  for  each  lung  (b,  c).  The  top  of  the  windpipe  is 
much  enlarged,  and  constitvites  the  larynx,  or  organ  of 
voice,  into  which  the  glottis  (p.  )  opens.  The  larynx 
is  supported  by  several  cartilages,  of  which  the  largest 
is  the  thyroid  cartilage  (Gk.  thureds,  shield;  eidus,  re- 


RESPIRATORY  ORGANS  AND  RESPIRATION. 


semblance),  constituting  the  projection,  specially  large  m 
men,  known  as  'Adam's  apple'.  Below  this  comes  a 
ring-shaped  cricoid  cartilage  (Gk.  hikos,  ring;  adds), 
broad  behind  and  narrow  in  front.  The  windpipe  can 
easily  be  felt  along  the  front  of  the  neck  as  a  firm  tube 
with  a  wall  raised  up  into  ridges,  which  have  earned  for 


Fig.  65.— Bronchial  Tubes. 


it  the  name  trachea  (Grk.  tracJms,  rough).  These  ridges 
are  due  to  the  presence  of  hoops  of  cartilage,  by  which 
its  walls  are  supported  in  front  and  at  the  sides,  and 
which  prevent  it  from  collapsing,  which  would  interfere 
with  breathing.  The  back  of  the  windpipe,  however, 
where  it  abuts  upon  the  gullet,  is  soft  and  membranous, 
so  that  it  does  not  interfere  with  swallowing.  The  walls 
of  the  bronchi  are  stiffened  in  the  same  way.  If  either 
the  right  or  left  bronchus  is  followed  into  its  lung,  it 
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Will  be  found  (fig.  65)  to  branch  repeatedly  into  bron- 
chial tubes  (D),  the  smallest  of  which  are  about  -\  of 
an  inch  m  diameter.  The  larger  tubes  have  their  walls 
stiffened  by  pieces  of  cartilage,  but  this  is  not  the  case 
with  the  smallest  branches,  the  walls  of  which  are  deli- 
cate and  membranous.  If  one  of  these  smallest  bronchial 
tubes  IS  followed  up,  it  will  be  found  to  end  blindly  in  a 
group  of  air-sacs  (fig.  66)  much  wider  than  itself.  The 


Fig.  66.— Air-cells  of  the  Lung. 

II.  A  couple  of  aii'-sacs  connected  with  one  of  the  smallest  bronchial  tubes  (o). 
I.  Air-sac  in  section;  ft,  ft,  ft,  central  cavity;  c,  c,  c,  c,  cavities  of  air-cells;  6,  one 
of  smallest  bronchial  tubes. 

wall  of  each  air-sac  is  raised  into  a  large  number  of 
rounded  projections  known  as  air-cells  (6).  If  the  sur- 
face of  the  lung  is  examined  carefully,  it  will  be  found  to 
present  a  mottled  appearance,  due  to  its  division  into  an 
immense  number  of  minute  lobules  varying  from  to  ^ 
an  inch  in  diameter.  Each  of  these  lobules  consists  of  a 
number  of  groups  of  air-sacs,  bound  together  by  con- 
nective tissue. 

The  complicated  arrangement  of  branching  tubes,  of 
which  the  lungs  mainly  consist,  is  lined  throughout  by 
mucous  membrane  covered  by  epithelium.  In  the 
trachea,  bronchi,  and  bronchial  tubes  the  epithelium  is 
mainly  composed  of  columnar  cells,  placed  at  right  angles 
to  the  surface,  and  covered  on  their  free  ends  b}^  short 
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threads  (about  ^^V^  ^^^^  ^^^g)  protoplasm,  known 
as  cilia  (L.  cilkim,  eyelash)  (fig.  67).  Each  cilium  possesses 
the  power  of  contractility,  but  this  is  not  shown,  as  in 
the  case  of  a  muscle-fibre,  by  shortening  with  equivalent 
thickening,  but  by  alternate  bending  and  straightening 
in  a  very  regular  manner.  The  cilia  which  line  the  air- 
passages  all  work  together  in  such  a  way  as  to  sweep 
mucus  and  foreign  particles  towards  the  glottis.  They 
constitute,  in  fact,  an  arrangement  by  which  the  air- 
passages  are  kept  clean.  This  is  a 
matter  of  very  great  importance,  as 
all  sorts  of  solid  impurities  are  being 
constantly  taken  in  with  the  air  that 
is  breathed.  The  epithelium,  which 
lines  the  air-sacs,  is  simple  and  squa- 
mous, consisting  of  a  single  delicate  EiSheUum!"''*'^ 
layer  of  flattened  cells.  Immediately 
outside  this  layer  are  situated  the  capillaries  of  the  lungs 
as  a  very  close  network. 

Movements  of  Respiration. — It  has  already  been 
explained  (p.  31)  how,  by  the  movements  of  the  ribs  and 
sternum  the  size  of  the  chest  can  be  increased  from  side 
to  side  and  from  before  backwards.  The  diaphragm, 
which  forms  the  floor  of  the  chest,  is  also  capable  of 
movements  which  increase  its  size  from  top  to  bottom. 
The  centre  of  the  diaphragm  is  of  the  nature  of  a  tendon, 
and  remains  almost  at  rest  below  the  heart  during 
breathing,  but  its  margins  are  made  up  of  muscle,  which, 
when  it  contracts,  flattens  out,  so  as  to  increase  the 
capacity  of  the  chest.  This  process  is  aided  by  two 
muscular  masses  known  as  pillars  of  the  diaphragm, 
which  run  from  its  dorsal  region  to  the  front  side  of  the 
lumbar  vertebrae.  During  inspiration  the  ribs  and 
sternum  move  upwards  and  forwards,  and  at  the  same 
time  the  diaphragm  contracts,  so  that  the  dimensions  of 
the  chest  are  increased  in  all  three  directions.  During 
expiration,  the  ribs  and  sternum  move  downwards  and 
backwards,  and  the  diaphragm  ceases  to  contract,  be- 
coming convex  again.    In  this  way  the  dimensions  of  the 
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chest  diminish  in  all  directions.  The  lungs  contain  a 
great  deal  of  elastic  connective  tissue,  which,  during  life, 
is  always  kept  on  the  stretch,  so  that  the  lungs  are,  as  it 
were,  constantly  trying  to  contract.  If  in  a  freshly 
killed  rabbit  the  abdomen  is  carefully  opened  and  the 
liver  pulled  back,  the  pink  lungs  will  be  seen  through 
the  transparent  diaphragm  fitting  closely  against  the 
wall  of  the  thorax.  If  now  the  diaphragm  is  punctured 
on  one  side,  the  lung  on  that  side  will  shrink  to  a  com- 
paratively small  size,  in  virtue  of  its  elasticity.  The 
uninjured  thorax  may  be  regarded- as  an  air-tight  box, 
and  the  lungs  are  kept  expanded  by  the  pressure  of  the 
air  in  the  air-j)assages.  They  could  not  shrink  aivay 
from  the  wall  of  the  thorax  without  causing  a  vacuum 
between  the  two  layers  of  the  pleurae,  and  their  elas- 
ticity is  not  sufficiently  powerful  to  effect  this.  When, 
however,  the  Avail  of  the  thorax  is  injured,  the  pressure 
in  the  air-passages  is  neutralized  by  a  corresponding 
pressure  on  the  outside  of  the  lung  concerned,  its  elas- 
ticity comes  into  play,  and  it  consequently  shrinks. 
From  what  -  has  been  said,  it  follows  that  when  the 
capacity  of  the  chest  is  increased  by  movement  of  its 
walls,  the  lungs  must  enlarge  to  a  corresponding 
extent,  and  air  must  at  the  same  time  enter  them. 
The  lungs  diminish  in  size  as  a  matter  of  course  when 
the  chest  does  so,  and  air  consequently  passes  out 
of  them. 

Air  can  pass  in  and  out  of  the  lungs  either  by  way  of 
the  mouth  or  of  the  nose,  both  of  which  courses  can 
be  understood  from  fig.  34.  The  inward  course  in  the 
former  case  is  —  mouth-opening — mouth — pharynx— 
glottis ;  in  the  latter — nostrils — nasal  cavities — posterior 
nares — pharynx— glottis.  The  outward  course  is  the  same 
as  the  preceding  read  the  other  way  round.  Breathing 
through  the  nose  is  more  natural  and  more  desirable 
than  breathing  through  the  mouth.  The  average  rate 
of  breathing  in  the  adult  is  about  17  times  a  minute, 
about  30  cubic  inches  of  tidal  air  passing  in  and  out 
each  time.    As  after  an  ordinary  inspiration  the  lungs 
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contain  230  cubic  inches  of  air,  it  will  easily  be  realized 
that  the  tidal  air  only  passes  in  and  out  of  the  larger 
air-passages,  an  arrangement  by  which  injury  of  the 
more  delicate  parts  of  the  lung  is  guarded  against.  If 
a  very  full  breath  is  taken,  about  100  cubic  inches  of 
air  can  be  drawn  in,  besides  the  tidal  air.  This  is  called 
complemental  air.  On  the  other  hand,  the  deepest 
possible  expiration  expels  100  cubic  inches  of  supple- 
mental air  in  addition  to  the  tidal  air.  But  even  after 
this,  100  cubic  inches  of  air  still  remain  in  the  lungs, 
constituting  what  has  been  called  the  residual  air. 
Under  no  circumstances  can  this  air,  which  fills  the 
smallest  bronchial  tubes  and  the  air-sacs,  be  directly 
renewed.  The  lungs  are  in  fact  so  extremely  spongy, 
that  even  when  removed  from  the  body  and  shrunk  by 
their  own  elasticity  far  beyond  what  can  ever  take  place 
during  life,  they  still  contain  a  great  deal  of  air,  and 
readily  float  on  water.  The  follo^^ang  table  will  help  to 
make  matters  clearer: — 

Air  in  lungs. 
After  fullest  inspir. 

R  +  S  +  T  +  C. 
After  ordinary  inspir. 

R4-S  +  T. 
After  ordinary  expir. 

R  +  S. 

After  fullest  expiration,  R. 

Differences  between  Inspired  and  Expired 
Air. — Since  breathing  goes  on  for  the  sake  of  obtaining 
oxygen  and  getting  rid  of  carbon  dioxide,  it  is  to  be 
expected  that  expired  air  should  contain  less  oxygen  and 
more  carbon  dioxide  than  inspired  air.  This  is  actually 
the  case. 

At  this  stage  it  is  desirable  to  enter  rather  more  fully 
than  has  yet  been  clone  into  the  chemical  composition  of 
air.  Perfectly  dry  air  consists  approximately  of  the 
following  gases,  mixed,  not  united  together,  so  that  each 
retains  its  own  properties : — 


Lu.  ni. 

'Vital     r  Complemental  air  (c),  100 

Capacity '  -  Tidal  air  (t),   30 

=  C  +  T  -h  S  I  Supplemental  air  (s),.100 

Residual  air  (r),  ICQ 

330 


108 


ELEMENTARY  PHYSIOLOGY. 


Volumes. 

Oxygen  20-96 

Nitrogen,  79  00 

Carbon  dioxide,   -04 

100-00 


Ordinary  air,  however,  is  never  perfectly  dry,  but 
contains  a  very  variable  amount  of  water  vapour,  to  the 
condensation  of  which  fog,  clouds,  rain,  &c.,  are  due. 
Oxygen  and  nitrogen  have  been  already  studied  to  some 
extent  (pp.  49,  51),  and  some  details  regarding  carbon 
dioxide  made  be  added  here. 

Carbon  Dioxide,  or  Carbonic  Acid  Gas,  is  a  compound 
the  molecule  of  which  consists  of  1  atom  of  carbon  plus 
2  atoms  of  oxygen,  and  which  therefore  has  the  formula 
CO2.  Limestone  or  chalk  (carbonate  of  lime)  may  be 
regarded  as  a  compound  consisting  of  CO^  and  quicklime 
chemically  united.  The  formula  for  quicklime  is  CaO, 
i.e.  a  molecule  of  this  compound  contains  1  atom  of 
calcium  i^his  1  atom  of  oxygen.  A  molecule  of  chalk 
contains  the  same  atoms  as  1  molecule  COo  plus  1  mole- 
cule CaO,  and  its  formula  is  consequentlj'  CaCOg. 
When  chalk  or  limestone  is  burnt  in  a  kiln  it  is  broken 
down  into  CaO  and  CO2. 

On  the  other  hand,  quicklime  left  exposed  to  the  air 
gradually  becomes  reconverted  into  carbonate  of  lime 
by  uniting  with  its  carbon  dioxide.  Both  the  processes 
may  be  represented  by  the  following  chemical  equation: 

by  heat 



CaCOa  =  CaO       +  CO3 

carbonate  of  lime  quicklime  and  carbon  dio.xide. 

<  

Read  from  left  to  right  in  the  direction  of  the  upper 
arroAv,  this  expresses  the  breaking  down  or  analysis  of 
CaCOg,  while  read  in  the  other  direction  it  expresses  the 
building  up  or  synthesis  of  the  same  compound. 

Carbon  dioxide  can  be  more  conveniently  obtained 
from  chalk,  limestone,  or  marble,  by  the  action  of  an 
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acid,  the  apparatus  employed  being  represented  m  fig.  68. 
Some  bits  of  limestone  are  put  into  the  flask  shown  on 
the  right-hand  side,  and  hydrochloric  acid  poured  in  by 
the  thistle  funnel.  Brisk  effervescence  ensues,  owing 
to  the  liberation  of  carbon  dioxide,  which  is  conducted 
by  means  of  the  doubly  bent  tube  to  the  bottom  of  the 
jar  shown  on  the  left  hand  side.  The  gas  can  be  col- 
lected in  this  way  because  it  is  relatively  heavy,  and  so 
gradually  displaces  the 
air  in  the  jar.  If  before 
generating  the  gas,  three 
lighted  candle  ends  of 
different  lengths  have 
been  placed  in  the  jar, 
they  ^vill  be  seen  to  go 
out  one  after  the  other, 
the  shortest  first,  as  the 
carbon  dioxide  gradually 
displaces  the  air.  It  is 
thus  proved  that  this  gas 
does  not  support  com- 
bustion nor  itself  burn. 
Another  experiment  is 
important,  because  it 
serves  as  a  useful  test 
for  the  presence  of  carbon 
dioxide.  A  small  of  quantity  of  lime-water  (prepared 
by  shaking  up  some  quicklime  with  water  and  then 
filtering)  is  placed  in  a  collecting  jar,  and  carbon  dioxide 
is  passed  through  the  liquid,  which  at  once  becomes 
milky,  and  if  allowed  to  stand,  a  white  sediment  is  de- 
posited. This  sediment  consists  of  carbonate  of  lime 
formed  by  union  of  the  COg  with  the  lime  dissolved  in 
the  water,  as  in  the  chemical  equation  given  above  read 
from  right  to  left.  It  need  only  be  added  that  COg  is  col- 
ourless, with  a  slight  pungent  smell,  and  a  faint  acid  taste. 

We  are  now  in  a  position  to  prove  that  the  air  breathed 
out  contains  more  carbon  dioxide  than  the  air  breathed 
in.    Two  bottles,  in  each  of  which  a  little  lime-water  has 
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been  placed,  are  provided  with  tubes  as  shown  in  fig  69. 
A  full  inspiration  is  then  taken  through  one  bottle  (a), 
and  immediately  afterwards  a  full  expiration  through 
the  other  bottle.  This  process  is  repeated  two  or  three 
times.  The  lime-Avater  in  b  remains  clear,  that  in  c 
soon  becomes  milky.  In  fact  4  per  cent  by  volume  of 
expired  air  consists  of  COo;  i.e.  100  times  as  much  as  in 

inspired  air. 

As  regards  oxygen  there 
are  about  IC  v  olumes  of 
it  in  100  volumes  of  ex- 
pired air,  so  that  the  air 
taken  into  the  lungs  loses 
nearly  a  quarter  of  its  oxy- 
gen there.  Expired  air 
also  differs  from  inspired 
air  in  containing  a  lai'ger 
amount  of  water  vapour, 
with  which  in  fact  it  is 
saturated.  The  film  which 
dims  a  looking-glass  ■^vhen 
breathed  upon  and  the 
cloud  formed  by  the  breath 
on  a  cold  day  are  caused  by  the  condensation  of  this 
moisture.  The  air  breathed  out  also  contains  a  small 
amount  of  volatile  organic  matter,  which  easily  putrefies, 
and  is  the  cause  of  the  'stuffy'  smell  so  noticeable  in  badly- 
ventilated  rooms.  Ventilation  is  necessary  because  it 
keeps  up  the  supply  of  oxygen  and  gets  rid  of  the  carbon 
dioxide  and  organic  matter  present  in  expired  air.  Both 
of  these  are  injurious  to  health,  especially  the  latter. 
When  the  CO,  in  the  air  of  a  room  rises  to  '08  per  cent,^ 
the  air  may  be  regarded  as  unwholesome  chiefl}^  because 
organic  matter  is  then  present  to  a  poisonous  extent. 

Expired  air  is  also  much  warmer  than  inspired  air,  its 
temperature  being  about  97°  F.,  Avhich  is  very  nearly 
that  of  the  body. 


W  I  (To  Lungs       W  [(from  Lungs 


Pig.  (i9.— Experimeut  to  show  the  difference 
between  Inspired  and  Expired  Air.  Air  is 
drawn  into  the  lungs  through  b,  and  then 
expelled  through  c. 


1  A  oz.  of  lime-water  shaken  up  with  the  air  of  the  room  in  a  10-oz.  bottle 
will  turn  milky  if  this  percentage  is  exceeded. 
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Daily  Gains  and  Losses. — Eeckoning  the  tidal 
air  as  30  inches,  about  425  cubic  feet  of  air  pass  through 
the  lungs  of  an  average  adult  in  every  24  hours,  1200 
grtiins  of  oxygen  are  absorbed,  while  14,400  grains  of 
CO.,  and  of  water  are  given  out.  This  CO^,  Avith  the 
accomijanying  organic  matter,  is  enough  to  render  27,600 
cubic  feet  of  air  unfit  for  respiration,  and  this  amount 
therefore  is  the  daily  minimum  required.  Calculating 
on  this  basis,  a  room  which  is  constantly  occupied  should 
not  only  be  well  ventilated,  but  be  large  enough  to  allow 
at  least  800  cubic  feet  of  space  to  each  adult. 

Changes  which  the  Blood  undergoes  in  the 
Lungs. — It  has  already  been  explained  that  the  move- 
ments of  breathing  only  renew  the  air  in  the  larger 
air-passages.  That  in  the  air-sacs  and  smaller  bronchial 
tubes  is  kept  pure  by  ordinary  gaseous  diffusion.  That 
is  to  say,  when  two  gases  or  mixtures  of  gases  are  in 
direct  contact  currents  pass  in  both  directions  until  the 
entire  volume  is  of  the  same  composition.  In  this  way 
the  air-sacs  can  get  rid  of  their  carbon  dioxide  and  water 
vapour  while  at  the  same  time,  their  supply  of  oxygen  is 
renewed. 

To  understand  the  exchange  of  gases  between  the 
blood  and  the  air  in  the  air-sacs  an  addition  must  be 
made  to  what  was  said  about  diiFusion  on  p.  76.  It 
appears  that,  if  a  liquid  with  dissolved  gases  is  separated 
by  a  moist  animal  membrane  from  a  gas  or  mixture  of 
gases,  diffusion  will  take  place  through  the  membrane 
in  both  directions.  Thus,  if  a  moist  bladder,  containing 
water  with  carbon  dioxide  dissolved  in  it,  were  placed  in 
a  vessel  of  oxygen— (1)  carbon  dioxide  would  diffuse  out 
of  the  water,  through  the  bladder  into  the  oxygen,  (2)  oxy- 
gen would  diffuse  through  the  bladder  into  the  water, 
which  would  dissolve  it.  A  similar  exchange  takes  place 
between  the  blood  and  the  air  in  the  air-sacs,  which  will 
be  understood  when  it  is  remembered  that  the  blood  in 
the  capillaries  of  the  lungs  is  only  separated  from  the  air 
in  the  air-sacs  by  the  extremely  thin  walls  of  the  capil- 
laries and  by  the  delicate  epithelium  Avhich  lines  the 
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sacs.  The  total  surface  represented  by  the  lining  of  all 
the  air-sacs  is  about  equal  to  100  times  the  area  of  tiie 
skin,  and  the  spongy  structure  of  the  lungs  may  be  re- 
garded as  an  arrangement  by  Avhich  the  blood  is  l^rought 
very  near  to  the  air  over  a  very  large  area  with  great 
economy  of  space.  A  similar  gain  of  aljsorptive  surface 
without  sacrificing  compactness  has  already  been  seen  in 
the  case  of  the  small  intestine  (p.  77). 

The  oxygen  which  the  blood  dispenses  to  the  tissues 
is  carried  by  the  complex  substance  hsemoglobin,  to 
which  the  red  corpuscles  owe  their  colour.  Haemoglobin 
consists  of  a  proteid  substance,  globin,  united  with  a  red 
colouring  matter,  hsematin,  in  which  the  elements  carbon, 
hydrogen,  nitrogen,  oxygen,  and  iron  occur.  The  pecu- 
liarity which  renders  it  useful  as  an  oxygen-carrier  is 
that  part  of  its  oxygen  is  held  in  a  state  of  loose  chemical 
combination,  i.e.  is  readily  parted  with  to  the  tissues. 
It  is  called  oxy-haemoglobiii  when  this  loosely-held  oxy- 
gen is  present,  and  is  then  of  a  bright  scarlet  colour, 
but  after  parting  with  this  oxygen  it  becomes  of  a  dark 
purple  colour,  and  is  known  as  reduced  haemoglobin. 
The  term  'reduced'  is  the  exact  opposite  to  oxidized, 
and  is  applied  to  compounds  from  which  the  oxygen  has 
been  more  or  less  removed.  Pure  blood,  as  found  in  all 
arteries  except  the  pulmonary,  is  of  a  bright  scarlet 
colour  owing  to  the  presence  of  oxy-hsemoglobin,  while 
impure  blood,  as  found  in  all  veins  except  the  pulmonary, 
is  dark  purple  because  its  haemoglobin  has  been  reduced. 
Hence  when  a  blood-vessel  is  cut  the  colour  of  the 
blood  flowing  out  is  one  means  of  determining  whether 
an  artery  or  vein  has  been  injured.  In  the  capillaries 
of  the  general  body  the  oxy-hsemoglobin  of  the  pure 
blood,  supplied  by  the  branches  of  the  aorta,  is  largely 
convertecl  into  reduced  haemoglobin  by  the  action  of  the 
surrounding  tissues,  which  have  a  strong  affinity  for 
oxygen,  causing' that  part  of  it  which  is  loosely  held  to 
be  liberated  from  chemical  combination,  after  which  it 
passes  by  diftusion  through  the  delicate  capillar}^  walls 
into  the  surrounding  lymph.    In  the  lung-capillaries,  on 
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the  other  hand,  the  reduced  hfemoglobin  in  the  impure 
blood  brought  by  the  pulmonary  artery  is  once  more 
converted  into  oxy-haemoglobin,  the  necessary  oxygen 
diffusing  into  the  capillaries  from  the  air  in  the  air-sacs. 

The  carbon  dioxide  of  the  blood  is  partly  dissolved  in 
the  plasma  and  partly  chemically  united  with  the  mineral 
salts  contained  in  it.  In  the  tissues  the  carbon  dioxide 
formed  as  a  product  of  waste  passes  into  the  lymph,  and 
from  it  into  the  capillaries.  The  impure  blood  reaching 
the  lungs  gets  rid  of  carbon  dioxide,  which  diffuses  from 
the  lung  capillaries  into  the  air-sacs.  The  water-vapour 
and  organic  matter  in  the  expired  air  have  a  similar 
source. 

It  is  therefore  in  the  capillaries  of  the  general  body 
that  pure  ('arterial')  blood  is  converted  into  impure 
( '  venous ' ),  while  the  converse  process  takes  place  in  the 
capillaries  of  the  lungs. 

The  conversion  of  impure  into  pure  blood,  so  far  as 
amount  of  oxygen  is  concerned,  can  easily  be  effected 
outside  the  body  altogether,  by  simply  exposing  it  to 
the  air.  Its  purple  colour  soon  gives  place  to  bright 
scarlet  as  the  reduced  haemoglobin  takes  up  oxygen  from 
the  air  and  becomes  oxy-haemoglobin.  The  process  can 
be  hastened  by  shaking  up  with  air,  or  still  better  with 
oxygen.  It  is  also  possible  to  convert  pure  into  impure 
blood  outside  the  body,  by  addition  of  a  strong  reducing 
agent,  i  e.  some  substance  having  a  strong  affinity  for 
oxygen.  Such  a  substance  is  found  in  ferrous  sulphate 
(green  vitriol),  and  if  some  of  this  is  added  to  pure  blood 
the  bright  scarlet  colour  is  changed  for  a  dull  purple. 
Oxygen  has  been  withdrawn  from  the  oxy-h^moglobin, 
converting  it  into  reduced  haemoglobin. 

Suffocation  or  Asphyxia  (Gk.  for  stopping  of  pulse) 
takes  place  if  the  same  air  is  breathed  over  and  over 
again,  if  some  gas  (other  than  oxygen)  or  mixture  of 
gases  (not  containing  oxygen)  is  substituted  for  air, 
or  if  breathing  is  stopped  altogether  by  closure  of  the 
trachea.  In  such  cases  there  is  oxygen  starvation,  with 
poisoning  by  the  waste  products  of  respiration,  and  it 

(  M  26  )  H 
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may  be  in  the  second  case  by  the  substituted  gas  inhaled. 
It  will  be  sufficient  to  consider  the  case  where  the  same 
air  is  repeatedly  breathed.  As  it  becomes  impure  the 
breathing  becomes  more  rapid,  fuller,  and  more  laboured. 
Then  follows  a  stage  marked  by  difficulty  of  breathing, 
dyspnoea  (Gk.  dus,  bad;  jj?i^o,  I  breathe),  where  the  muscles 
concerned  in  expiration  contract  violently,  and  convul- 
sions finally  set  in.  The  last  stage  is  one  of  complete 
exhaustion,  with  occasional  attempts  at  breathing  which 
become  feebler  and  feebler  till  at  last  death  ensues. 
Upon  dissection  all  the  blood  is  found  to  be  dark,  for  its 
haemoglobin  is  entirely  reduced.  The  great  veins,  the 
right  side  of  the  heart,  and  the  pulmonary  artery  are 
gorged  with  blood,  while  the  left  side  of  the  heart  is 
nearly  empty. 

Coughing  is  generally  the  result  of  irritation  of  the 
larynx  or  trachea.  It  consists  of  a  deep  inspiration  with 
closure  of  the  glottis,  followed  by  a  rapid  and  more  or 
less  violent  expiration  through  the  mouth.  Irritating 
substances  are  got  rid  of  in  this  way. 

Sneezing  resembles  coughing,  but  in  this  case  the 
eyes  or  nasal  cavities  are  irritated,  and  expiration  takes 
place  through  the  nose. 


CHAPTER  VII. 

UEINARY  ORGANS  AND  THE  EXCRETION  OF  NITRO- 
GENOUS WASTE. 

The  constant  waste  which  goes  on  in  the  body  for  the 
purpose  of  producing  the  energy  and  heat  necessary  to 
life  leads  to  the  production  of  three  chief  waste  products : 
water,  carbon  dioxide,  and  urea.  The  respiratory  organs, 
as  explained  in  the  last  chapter,  get  rid  of  nearly  all  the 
carbon  dioxide  and  a  great  deal  of  the  water,  while  at  the 
same  time  they  are  the  means  by  AA^hich  the  necessary 
process  of  Avaste  is  rendered  possible,  since  they  introduce 
oxygen  into  the  body.    The  urinary  organs,  including 


URINARY  ORGANS. 


115 


under  this  name  the  kidneys  and  related  parts,  have  the 
function  of  excreting  water  together  with  urea,  which  is 
a  nitrogenous  waste  product  brought  to  the  kidneys  in 
the  blood. 

The  clear  amber -coloured  liquid,  urine,  excreted  by 
the  kidneys,  consists,  therefore,  of  water  with  various 
substances  dissolved  in  it,  of  which  the  most  important 
is  urea.  Its  composition  given  in  greater  detail  is  as 
follows : — 

In  1000  parts. 

Water,    958 

Dissolved  solids  consisting  of, — 

Urea,   23-3 

Other  nitrogenous  substances,         ...  '9 
Sodium  chloride  (common  salt),       ...     11 '0 
Other  salts,  &c.,         ...       ...        ...  6"8 

  42 


1000 

Urine  is  slightly  acid,  and  Avhen  allowed  to  decompose 
gives  off  a  peculiar  pungent  odour  due  to  the  formation 
of  ammonia.  From  50  to  60  fluid  ounces  are  excreted 
by  the  kidneys  during  every  24  hours,  containing  about 
512  grains  of  urea. 

Urea,  when  obtained  in  the  solid  form,  crystallizes  in 
four-sided  prisms  or  in  delicate  white  needles.  Its  chemi- 
cal formula  is  NgH^CO,  and  it  therefore  contains  the  ele- 
ments nitrogen,  hydrogen,  carbon,  and  oxygen,  the  first 
making  up  nearly  half  its  weight.  In  decomposing  urine 
it  is  converted  into  ammonium  carbonate  (NgHgCOo), 
the  substance  familiarly  known  as  'smelling  salts',  by 
union  of  2  molecules  of  water  with  1  molecule  of  urea : 
N,H,CO  +  HoO  +  HgO  =  N.HgCOg.  Each  molecule  of 
ammonium  carbonate  then  readily  breaks  down  into  2 
molecules  of  ammonia  (NH3),  1  molecule  of  water  (Hp), 
and  1  molecule  of  carbon  dioxide  (CO,,). 

Urea  may  thus  be  regarded  as  the  end  product  re- 
sulting Avithin  the  body  from  the  breaking  down  of 
its  proteid  constituents,  and  it  then  undergoes  further 
changes,  outside  the  body,  leading  to  the  production  of 
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a  Still  simpler  nitrogenous  body,  ammonia.  It  may  be 
added  that  when  the  body  dies  and  its  soft  parts  decom- 
pose, the  ultimate  products  are  AA^ater,  carbon  dioxide, 
and  ammonia.  It  is  therefore  desirable  to  learn  some- 
thing more  about  this  last  compound. 

Ammonia  is  a  gaseous  compound  the  molecule  of 


Fig.  70.— Apparatus  for  preparing  and  collecting  Ammonia  Gas  from  sal-ammoniac 
and  slaked  lime.  The  collecting  bottle  is  empty  and  inverted  to  receive  the  gas  from 
the  delivery-tube. 

NHg,  as  already  mentioned.  Water  dissolves  ammonia 
very  readily,  and  chemists  sell  it  in  this  form,  for  which  the 
popular  name  is  'spirits  of  hartshorn'.  The  extremely 
penetrating  odour  of  this  solution  is  familiar  to  most 
people,  and  the  similar  odour  given  off  by  common  smell- 
ing salts  is  also  due  to  the  liberation  of  this  gas.  Am- 
monia is  usually  prepared  on  a  small  scale  in  the  labora- 
tory by  means  of  the  apparatus  represented  in  fig.  70. 
A  mixture  consisting  of  1  part  of  sal-ammoniac  (NH^Cl) 
to  2  parts  of  slaked  lime  (CaHgOo)  is  placed  in  the  flask 
on  the  right  and  gentle  heat  applied.  Ammonia  is  then 
given  off,  and,  being  about  twice  as  light  as  air,  can  be 
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passed  through  a  bent  tube  and  collected  in  a  jar  turned 
upside  down,  as  shown  on  the  left.  The  gas  thus  obtained 
Anil  be  found  to  be  transparent  and  to  possess  a  peculiar 
pungent  odour.  It  will  put  out  a  lighted  candle-end 
raised  into  it  by  means  of  a  wire,  and  Avill  not  itself  take 
fire.    If  the  end  of  the  tube  leading  from  the  flask  is 


Fig.  71.  —  Show- 
ing tlie  Kidneys 
and  the  Structures 
in  connection  with 
them. 

w,  w,  Ureters ;  b, 
urinary  bladder. 
In  the  centre  of 
the  figure  (to 
right)  is  seen  the 
dorsal  aorta  (a), 
giving  off  the 
renal  arteries  and 
forking  below  in- 
to iliac  ai-teries. 
The  inferior  vena 
cava  (v)  is  also 
seen,  made  up  by 
union  of  the  iliac 
veins  below  and 
receiving  renal 
veins  from  kid- 
neys. 


allowed  to  dip  into  a  vessel  of  water,  a  solution  of  am- 
monia will  be  prepared.  Both  as  a  gas  and  in  solution 
ammonia  is  strongly  alkaline,  i.e.  it  will  turn  red  litmus 
paper  blue  or  neutralize  acids. 

The  Kidneys  (fig.  71)  are  two  dark  red  bodies  of 
characteristic  shape,  situated  at  the  back  of  the  abdom- 
inal cavity,  one  on  each  side  of  the  backbone.  Their  upper 
ends  are  on  about  the  same  level  as  the  last  thoracic 
vertebra,  and  they  are  behind  the  peritoneum,  Avhich 
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therefore  only  covers  their  front  surfaces.  Each  kidney 
IS  about  4  inches  long,  2^  inches  broad,  and  l\  inches 
thick,  with  a  weight  of  4J  ounces  or  rather  less.  On  its 
inner  side  there  is  a  notch,  the  hilus,  from  which  a  firm- 
walled  tube  runs  down  to  open  into  the  back  of  the 
urinary  bladder.    This  tube  is  the  duct  which  carries  off" 

the  urine  from  the  kid- 
ney, and  it  is  knoAvn  as 
the  ureter.  The  urinary 
bladder,  Avhich  acts  as  a 
temporary  receptacle  for 
the  urine,  is  a  rounded 
sac  with  firm  translucent 
walls,  containing  layers 
of  involuntary  muscle. 
The  bladder,  when  mo- 
derately full,  contains 
about  a  pint  of  liquid. 
It  communicates  with  the 
exterior  at  its  loAver  end 
by  a  tube,  the  urethra, 
the  beginning  of  which 
is  kept  closed  by  a 
sphincter  muscle  (p.  65). 

Structure  of  the 
Kidney. — The  kidney 
is  covered  by  a  firm 
fibrous  coat  which  can 
readily  be  peeled  off. 
When  cut  through  longitudinally  from  side  to  side  the 
■cut  surface  presents  the  appearance  represented  in  fig.  72. 
The  outer  part  or  cortex  (L.  for  bark)  is  soft,  dark  red 
in  colour,  and  granular-looking,  while  the  inner  part  or 
medulla  (L.  for  marrow)  is  firmer,  paler,  and  marked  by 
fine  streaks  diverging  toAvards  the  cortex.  The  medulla 
is  divided  into  a  number  of  conical  masses  or  'pyramids', 
of  which  12  or  more  are  generally  present.  The  broad 
ends  of  the  pyramids  are  continuous  with  the  cortex, 
while  their  narrow  ends  constitute  a  number  of  rounded 


Fig.  72.— Showing  a  Kidney  cut  through  in 
the  direction  of  its  length.  Above  the  ureter  (u) 
is  seen  the  cut  end  of  a  branch  of  the  renal  vein 
—below  it,  the  cut  end  of  a  branch  of  the  renal 
artery,  p,  pelois ;  c,  cortex ;  M,  medulla. 
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elevations,  the  urinary  papillae,  which  project  into  a 
cavity  (pelvis)  formed  on  the  inner  side  of  the  kidney 
by  expansion  of  the  ureter  at  the  hilus. 

If  the  surface  of  a  urinary  papiila  is  examined  with  a 
lens,  a  number  of  minute  apertures  can  be  seen,  which  are 
rendered  more  obvious  by  squeezing,  when  minute  drops 
of  urine  ooze  from  them.  The  kidney  is  in  fact  made  up 
of  an  enormous  number  of  microscopic  uriniferous  tubules 
by  which  the  urine  is  excreted.  Each  of  these  tubules 
begins  in  the  cortex  with  a 
small  round  Malpighian 
body  visible  as  a  red  spot  by 
means  of  a  lens.  It  then 
twists  about  in  a  very  com- 
plex way  and  finally  runs 
straight  through  the  me- 
dulla, uniting  as  it  does  so 
with  other  similar  tubules 
till  a  rather  Avider  tube  is 
formed  which  opens  on  a 
urinary  papilla  by  means  of 
one  of  the  minute  apertures 
already  mentioned.  The 
striated  appearance  of  the 
medulla  is  due  to  the 
straight  course  which  the 
tubules  take  as  they  converge  to  the  urinary  papillae. 
The  tubules  are  lined  throughout  by  a  layer  of  simple 
epithelium,  the  character  of  which  varies  in  different 
places.  The  only  regions  which  need  be  considered 
further  here  are  the  Malpighian  body  and  the  thickened 
part  of  the  tubule  running  in  the  cortex.  A  Mal- 
pighian body  (fig.  73)  is  a  rounded  structure  lined  by 
flattened  epithelium  and  having  a  tuft  of  capillaries,  the 
glomerulus  ( L.  for  small  skein  of  thread),  pushed  into  it, 
so  to  speak.  The  glomerulus  is  not,  however,  inside  the 
cavity  of  the  capsule,  but  has  much  the  same  relation  to 
it  that  the  heart  has  to  the  pericardium  (p.  85).  The 
thickened  part  of  the  tubule  is  lined  by  glandular 


Fig.  73.— Malpighian  Body  of  Kidney, 
with  its  tuft  of  vessels. 

a  and  6,  Cells  of  capsule  formed  by  dilated 
end  of  tubule  c.  The  wide  vessel  is  the 
afferent ;  the  narrow  one  is  the  efferent. 
Very  largely  magnified. 
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Fig.  74.— Very  highly  mngnified  view  of  Cross  and 
Longitudinal  Section  of  a  Tubule,  b,  Cells;  a,  chan- 
nel of  a  tubule. 


epithelium,  a  small  part  of  which  is  shown  in  fig.  74. 
Since  the  uriniferous  tubules  excrete  the  urine  .from  the 
blood,  it  is  desirable  to  have  some  notion  of  the  arrange- 
ment of  the  blood-vessels  of  the  kidney.  A  renal  artery 
(fig.  71)  runs  from  the  aorta  to  the  hilus,  and  divides  up 
into  smaller  and  smaller  branches.  Some  of  these  run  in 
the  cortex  and  give  off  twigs  to  the  glomeruli  {wide 
vessel  in  fig.  73).  The  blood  is  carried  off  from  each 
glomerulus  by  a  minute  vein  {narroio  vessel  in  fig.  73), 
which  at  once  breaks  up  in  the  same  Avay  as  a  portal 

vein  and  becomes 
continuous  Avith  a 
network  of  capil- 
laries, l3y  which  the 
thickened  parts  of 
the  tubules  are 
closely  surrounded. 
From  this  network, 

and  from  capillaries  in  the  medulla,  small  veins  arise 
which  by  successive  union  finally  produce  the  renal  vein, 
which  runs  from  the  hilus  into  the  inferior  vena  cava 
(fig.  71).  The  blood  in  this  vein  is  the  purest  in  the 
iDody,  as  far  as  nitrogenous  waste  is  concerned. 

The  water  and  inorg-anic  salts  of  the  urine  appear  to 
be  filtered  out  of  the  blood  in  the  glomeruli  into  the 
beginnings  of  the  uriniferous  tubules.  It  must  be  re- 
membered, however,  that  we  have  to  deal  in  this  case 
with  a  living  filter  that  has  the  power  of  regulating  what 
shall  pass  through  it  and  what  shall  not.  If  it  were  not 
for  this  all  the  dissolved  substances  in  the  blood  would 
be  able  to  filter  through  into  the  tubules,  which  is  very 
far  from  being  the  case.  The  glandular  epithelium  lining 
the  thickened  jjart  of  the  tubules  appears  to  have  the 
function  of  separating  urea  and  certain  other  nitrogenous 
substances  from  the  blood  in  the  surrounding  capillary 
netAvork.  From  the  epithelium  they  pass  into  the  cavi- 
ties of  the  tubules,  Avhich  are  constantly  being  Avashed 
out  by  the  fluid  filtered  through  the  glomeruli. 
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CHAPTER  VIII. 

THE  SKIN  AND  ITS  FUNCTIONS -METABOLISM  AND 
ANIMAL  HEAT. 

The  skin  has  ah^eady  been  mentioned  on  p.  14  as  an 
important  protective  organ,  and  its  division  into  epider- 
mis and  dermis  was  there  explained.  Other  important 
functions  are  performed  by  the  skin  besides  the  one  just 
mentioned.  It  is  an  excretory  organ — the  excretion  being 
called  perspiration  or  sweat, — it  helps  to  regulate  the 
temperature  of  the  body,  and  it  is  the  organ  of  touch. 

The  structure  of  a  magnified  section  of  skin,  taken  at 
right  angles  to  the  surface,  is  represented  in  fig.  75.  The 
epidermis  (ab)  is  comparatively  thin,  but  varies  in  thick- 
ness in  different  parts  of  the  body.  It  is  thickest  (about 
-ir^  of  an  inch)  on  parts  exposed  to  pressure,  such  as  the 
palms  of  the  hands  and  soles  of  the  feet:  in  some  places 
it  is  not  more  than  of  an  inch  thick.  The  under  siu-- 
face  of  the  epidermis  is  irregular  and  moulded  upon  the 
correspondingly  shaped  upper  surface  of  the  dermis  (c). 
Epidermis  is  a  form  of  stratified  epithelium,  and  is  made 
up  of  numerous  layers  of  cells  which  are  more  or  less 
rounded  near  the  dermis,  but  externally  are  scale-like 
and  constitute  what  is  called  the  horny  layer  (a). 
The  deeper  part  of  the  epidermis  contains  pigment, 
and  is  termed  the  Malpighian  layer  (b).  Hairs  belong  to 
the  ^epidermis,  and  may  be  looked  upon  as  compressed 
piles  of  dead  cells  in  the  form  of  horny  scales.  Each 
hair  grows  out  of  a  narrow  pouch,  the  hair-sac  (see 
fig.  75)  which  is  lined  by  epidermis  but.  projects  down 
into  the  dermis.  The  hair  grows  by  addition  of  material 
to  its  base.  Two  or  more  little  pouches,  the  sebaceous 
glands  (/),  open  into  the  hair-sac.  They  are  lined  by 
glandular  epithelium  and  secrete  a  greasy  substance 
which  acts  as  a  natural  pomatum.  The  nails  of  the 
fingers  and  toes  are  of  much  the  same  nature  as  hairs, 
and  are  developed  in  a  similar  way.  They  are  as  it  were 
enormously  large  flat  hairs.    The  sebaceous  glands  are 
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not  the  most  important  ones  belonging  to  the  skin. 
If  the  tip  of  a  finger  or  thumb  is  carefully  examined  a 
number  of  delicate  ridges  will  be  seen  arranged  in  a 
peculiar  manner.  It  is  owing  to  these  ridges  that  the 
print  of  a  dirty  finger  or  thumb  has  a  Avell-known  and 
characteristic  appearance.  If  by  means  of  a  fairly  strong 
lens,  one  of  these  ridges  is  carefully  examined,  a  row  of 

minute  holes  will  be  seen  run- 
ning along  it.  These  are  the 
openings  of  the  sweat-glands, 
by  which  the  sweat  is  excreted. 
Each  of  these  glands  is  an  ex- 
ceedingly delicate  tubule  about 
^  of  an  inch  long,  the  beginning 
of  which  is  coiled  up  into  a 
kind  of  ball  (e)  in  the  deeper 
part  of  the  dermis,  or  in  the 
subcutaneous  (L.  sub,  below; 
adis,  skin)  tissue  (c'd)  which 
lies  below  it.  This  coiled  part 
is  lined  by  glandular  epithelium. 
The  rest  of  the  tubule,  which 
may  be  called  its  duct,  runs 
with  a  wavy  course  {e')  through 
the  dermis,  and  then,  tA^sting 
like  a  corkscrew,  pierces  the 
epidermis  to  end  by  one  of  the  pores  already  mentioned. 
The  epithelium  lining  the  gland  belongs  to  the  epidermis. 
Sweat-glands  are  found  in  almost  all  parts  of  the  sldn, 
but  are  not  equally  numerous  in  every  region.  They 
are  most  abundant  in  the  palms  of  the  hands  and  soles 
of  the  feet,  where  about  3000  are  found  to  the  square 
inch.  Where  least  abundant,  as  in  the  skin  of  the  back, 
about  400  of  them  occur  to  the  square  inch.  There  must 
be  between  two  and  three  million  of  them  altogether,  and 
if  unravelled  and  placed  end  to  end  in  a  straight  hue 
they  would  stretch  a  distance  of  not  less  than  ten  miles. 

The  dermis  (fig.  75  from  just  below  b  to  e)  is  much 
thicker  than  the  epidermis  and  passes  without  sharp 


Fig.  75.— The  Structure  of  the  Skin. 
Magnified. 
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boundary  internally  into  the  subcutaneous  tissue  {c'd), 
which  is  of  similar  texture,  but  distinguished  by  contain- 
ing a  good  deal  of  fat  {oval  areas  in  the  figure).  The  outer 
surface  of  the  dermis  is  irregular,  and  in  the  sensitive 
parts  of  the  skin  raised  into  numerous  minute  papilla3. 
It  is  the  arrangement  of  these  in  a  regular  manner  that 
gives  rise  to  the  ridges  on  the  fingers  mentioned  above. 
The  dermis  consists  of  a  felt-work  of  connective  tissue, 
traversed  by  numerous  blood-vessels,  lymphatics,  and 
nerves.  It  therefore  bleeds  when  injured,  and  is  sensi- 
tive. 

Excretion  by  the  Skin. — Sweat  is  an  acid  liquid, 
the  composition  of  which  resembles  that  of  very  much 
diluted  urine.  1000  parts  by  volume  consist  of  988  parts 
of  water  with  12  parts  of  dissolved  solids.  Of  these  last 
nearly  3  consist  of  sodium  chloride,  less  than  1  of  urea, 
and  the  rest  of  small  quantities  of  various  salts  and 
organic  compounds.  Under  ordinary  circumstances  the 
sweat  evaporates  into  the  surrounding  air  as  soon  as  it 
reaches  the  surface  of  the  skin,  and  in  this  form  is  known 
as  'insensible  perspiration',  but  when  violent  exercise 
is  taken,  or  the  body  is  exposed  to  a  high  temperature, 
drops  of  sweat  collect  on  the  skin,  constituting  '  sensible 
perspiration ' .  In  fact,  under  such  circumstances,  the 
sweat  is  secreted  more  rapidly  than  it  can  be  got  rid  of 
by  evaporation.  About  2  pounds  of  sweat  are  excreted 
every  24  hours. 

Regulation  of  Body  Temperature  by  means 
of  the  Skin. — Under  all  circumstances,  the  healthy 
human  body  maintains  a  constant  temperature  of  about 
98-6°  F.  as  measured  by  means  of  a  thermometer  placed 
in  the  arm-pit.  The  temperature  of  the  blood  is  about 
100'6°  F.  But  the  heat  produced  in  the  body  constantly 
varies  in  amount,  being  more,  for  example,  when  a  great 
deal  of  exercise  is  taken,  and  less  when  but  few  move- 
ments are  made.  A  regulating  apparatus  is  therefore 
required,  and  this  is  constituted  by  the  skin,  working 
under  the  control  of  the  nervous  system.  Heat  is  being 
continually  given  olf  from  the  surface  of  the  skin  by 
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radiation,  and  also  as  a  result  of  the  evaporation  of  sweat. 
The  latter  point  will  be  realized  hy  remembering  how 
cold  the  skin  feels  if  damped  with  warm  water,  and  then 
allowed  to  dry  by  letting  this  evaporate.  A  similar 
effect  is  brought  about  by  means  of  the  perspiration.  AVhen 
too  much  heat  is  produced  in  the  body  the  skin  becomes 
red  and  hot,  while  at  the  same  time  the  production  of 
sweat  is  largely  increased.  Two  things  ha^'e  happened 
leading  to  this  result — (1)  the  vaso-motor  nerves,  which 
regulate  the  size  of  the  arteries  supplying  the  skin,  have 
caused  these  to  increase  in  size  (p.  100)  and  to  biing 
more  blood,  (2)  special  secretory  nerves  have  stimulated 
the  sweat-glands  to  produce  more  sweat.  An  attempt  is 
being  made,  in  fact,  to  get  rid  of  as  much  heat  as  possible 
from  the  surface  of  the  skin.  It  is  now  moist  and  un- 
usually full  of  blood,  conditions  which  favour  the  escape 
of  heat  through  it.  It  is  also  clear  that  the  increased 
secretion  of  sweat  leads  to  a  greater  loss  of  heat  by  means 
of  evaporation.  Exactly  the  opposite  kind  of  thing  takes 
place  if  the  loss  of  heat  has  to  be  reduced,  as,  for  example, 
in  cold  weather  if  little  exercise  is  taken.  The  skin  may 
then  be  pale  and  cold,  and  the  sweat  reduced  in  amount. 
The  arteries  supplying  the  skin  are  contracted  by  the 
influence  of  the  vaso-motor  nerves,  and  the  sweat  glands 
are  not  stimulated  to  extra  secretion.  The  primary  use 
of  clothes  in  this  climate  is  to  assist  the  skin  in  prevent- 
ing loss  of  heat. 

METABOLISM. 

The  actual  living  substance  of  the  body,  protoplasm  (Gk. 
prcdos,  first;  plasma,  something  formed),  is  of  exceed- 
ingly complex  chemical  nature  and  very  unstable,  very 
liable  to  break  down  into  simpler  substances.  It  is  known 
to  consist  very  largely  of  proteids,  and  probably  of  carbo- 
hydrates and  fats  as  well.  The  body  also  contains  a 
large  number  of  lifeless  substances,  some  of  which  are  on 
their  way  to  become  protoplasm  while  some  have  resulted 
from  its  breaking  down  in  various  ways.    The  term 
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Metabolism  (G-k.  metabole,  change)  is  conveniently  applied 
to  the  entire  cycle  of  changes  by  which  the  digested 
food  is  converted  into  protoplasm  on  the  one  hand,  and 
by  Avhich  waste  products  are  ultimately  produced  on  the 
other  by  breaking  down  of  protoplasm.  The  up-building 
processes  may  be  grouped  under  the  heading  Constructive 
Metabolism,  and  the  down-breaking  processes  under  the 
heading  Destructive  Metabolism.  The  former  involves 
the  absorption  of  heat  and  the  conversion  of  actual  or 
kinetic  energy  into  stored  or  potential  energy.  The 
latter  is  associated  with  the  conversion  of  potential  into 
kinetic  energy,  which  appears  as  heat  and  mechanical 
work.  These  facts  can  be  represented  diagrammatically 
as  follows.  —  (k.e.  =  Kinetic  energy;  p. e.  =  potential 
energy). 

-Protoplasm- 


Food  Waste  Products 

The  diagram  is  made  like  a  staircase  to  indicate  that 
there  are  a  number  of  upward  steps  between  food  and 
protoplasm  and  a  number  of  downward  steps  between 
protoplasm  and  waste  products.  But  this  is  not  all,  for 
it  appears  that  a  considerable  part  of  the  food  is  not 
built  up  into  protoplasm  at  all,  but  is  slowly  oxidized 
into  waste  products,  with  conversion  of  potential  energy 
into  heat  and  mechanical  work.  We  may  compare  the 
living  body  to  an  imaginary  steam-engine  (cp.  p.  47) 
which  does  work  and  keeps  up  its  heat  partly  by  the 
combustion  of  fuel  and  partly  by  the  combustion  of  its 
own  Avails.  We  must  further  suppose  this  steam-engine 
to  possess  the  power  of  repairing  its  walls  from  part  of 
the  fuel  as  rapidly  as  they  are  burnt  away,  and  thus, 
though  the  shape  of  the  engine  would  be  maintained,  the 
materials  making  it  up  would  be  constantly  altering. 
Another  way  of  expressing  the  fact  that  living  matter 
is  constantly  being  broken  down  is  to  say  that  all  parts 
of  the  body  continually  undergo  '  local  death ' ,  but  it 
must  not  be  forgotten  that  this  is  compensated  by  con- 
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stant  renewal.  Death  in  the  ordinary  sense  or  '  general 
death'  in  the  physiological  sense  means  the  stoppage  of 
the  various  functions  that  distinguish  the  body  as  a  whole, 
but  not  the  immediate  death  of  all  the  tissues.  In  the 
dead  body  destructive  metabolism  continues  to  go  on 
without  any  counterbalancing  constructive  metabolism. 

Animal  Heat. — As  stated  above,  one  of  the  results 
of  metabolism  is  the  production  of  heat,  and  it  must  now 
be  emphasized  that  the  down-breaking  processes  which 
liberate  it  are  of  the  nature  of  slow  combustion  or  oxida- 
tion. Hence  the  necessity  for  taking  in  free  oxygen, 
which,  so  to  speak,  seizes  on  the  carbon  and  hydrogen 
in  the  compounds  found  within  the  body,  and  unites 
with  them  to  form  carbon  dioxide  and  water.  In  the 
oxidation  of  the  nitrogenous  compounds  the  ultimate 
product,  so  far  as  concerns  nitrogen,  is  urea. 

Most  of  the  heat  of  the  body  is  produced  by  the  meta- 
bolism of  the  muscles,  and  a  considerable  amount  in  the 
glands,  but  more  or  less  of  it  is  liberated  in  all  parts  of 
the  body.  The  circulatory  organs  among  their  many 
functions  include  that  of  heat  distribution,  just  as  air 
and  water  currents  distribute  heat  and  so  tend  to  equahze 
the  temperature  of  the  earth.  Heat  is  lost  from  the  sur- 
face of  the  skin,  and  with  the  faeces,  urine,  and  expired 
air.  The  regulation  of  heat  by  means  of  the  skin  has 
already  been  sufficiently  explained. 

Work  done  by  the  Body. — The  actual  energy  set 
free,  by  the  processes  of  oxidation  already  described,  is 
largely  manifested  in  the  external  work  done  by  the 
body  in  locomotion,  &c.,  and  in  the  internal  work  per- 
formed by  the  various  organs.  The  average  day's  exter- 
nal work  performed  by  an  industrious  workman  has  been 
estimated  at  483  foot-tons,  Avork  equal  to  that  expended 
in  raising  483  tons  one  foot  or  1  ton  483  feet. 
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CHAPTER  IX. 

THE  NERVOUS  SYSTEM  AND  ITS  FUNCTIONS. 

The  Nervous  System  includes  those  structures  by 
means  of  which  all  the  organs  of  the  body  (p.  16)  are 
correlated,  and  caused  to  work  in  harmony  with  one 
another  and  the  surroundings.  This  is  necessary,  be- 
cause, in  accordance  with  the  principle  of  division  of 
physiological  labour  (p.  13),  different  parts  are  special- 
ized for  performing  the  functions  of  digestion,  respira- 
tion, circulation,  &c.,  and  if  they  worked  independently 
of  one  another  the  most  disastrous  results  would  at  once 
follow.  The  nervous  system,  in  fact,  undertakes  the 
direction  and  control  of  the  whole  body,  and  all  the 
higher  manifestations  of  life  are  dependent  upon  it. 
Take  such  an  apparently  simple  matter  as  the  mainten- 
ance of  the  erect  position  (p.  46).  This  depends  upon 
the  constant  transmission  of  what  may  figuratively  be 
called  'orders',  from  the  nervous  system  to  the  muscles 
concerned.  When  a  person  goes  into  a  dead  faint  some 
of  the  actions  of  the  nervous  system  are  temporarily 
suspended,  including  the  sending  out  of  these  orders,  and, 
as  a  result,  the  erect  position  is  no  longer  maintained. 
More  serious  interference  with  the  nervous  system  may 
lead  to  stoppage  of  the  heart  or  of  the  respiratory  move- 
ments, and  in  that  case  death  ensues  unless  the  interfer- 
ence is  of  extremely  brief  duration. 

The  organs  now  being  dealt  with,  consist  of  (1)  the 
Central  Nervous  System,  including  the  brain,  spinal  cord, 
and  sympathetic  ganglia — and  (2)  the  Peripheral  Ner- 
vous System,  including  the  nerves  by  which  these  parts 
are  brought  in  relation  to  the  other  organs  of  the  body. 
It  will  not  be  convenient,  however,  to  completely  sepa- 
rate the  consideration  of  the  tAvo. 

^  The  Cerebro-spinal  Axis,  under  which  name  Brain  and 
Spinal  Cord  are  included,  is  contained  in  the  dorsal 
cavity  or  neural  canal  (fig.  1),  bounded  by  the  verte- 
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brae  and  bones  of  the  skull.  It  is  surrounded  by  three 
membranes,  all  mainly  composed  of  connective  tissue. 
The  most  external  of  these,  the  dura  mater  (L.  for  hard 
mother)  lines  _  the  neural  cavity  and  is  very  firm  and 
tough.  Within  it  is  a  very  narroAv  sudural  space  filled 
with  lymph,  and  resembling  in  its  characters  the  space 
between  the  two  layers  of  the  pericardium  or  the  two 
layers  of  a  pleura.  Now  follows  an  extremely  delicate 
arachnoid  membrane,  which  received  its  name  (Gk. 


Fig.  76.— Section  of  Spinal  Cord,  with  Roots  of  Spinal  Nerves.   Front  View. 


arachnes,  spider's  web;  eidds,  resemblance)  from  the 
numerous  delicate  strands  of  connective  tissue  ,  which 
run  across  the  large  sub-arachnoid  space  situated  beloM- 
it.  This  space  is  filled  with  clear  cerebro-spinal  fluid, 
which  is  like  lymph  in  apperance,  but  contains  no  cor- 
puscles and  difiers  in  composition.  The  third  membrane 
is  the  pia  mater  (L.  for  tender  mother),  which  is  fairly 
delicate  and  closely  invests  both  brain  and  spinal  cord, 
supporting  numerous  blood-vessels  taking  blood  to  and 
from  them. 

The  Spinal  Cord  or  Spinal  Marrow  is  a  cylindrical 
mass  of  nervous  matter  about  18  inches  long.  It  is  con- 
tinous  above  with  the  brain,  at  the  foramen  magnum, 
and  tapers  below  into  a  filament,  the  filum  terminale  (L. 
for  end  thread).  When  examined  more  closely  a  deep 
longitudinal  groove  or  fissure  is  observed  running  along  the 
front,  and  a  similar  one  along  the  back  of  the  cord  (fig.  76). 
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In  a  cross  section  (fig.  77)  it  is  seen  that  these  two  fissures 
(I  and  II)  are  deep  clefts  by  which  the  cord  is  divided 
into  right  and  left  halves,  connected  by  a  narrow  central 
bridiye,  which  is  traversed  by  a  narrow  central  canal  (cc). 
Each  half  is  marked  externally  by  two  longitudinal 
grooves  dividing  it  into  anterior  (ac),  lateral  (lc  to  lc), 
and  posterior  (pc)  'columns'  (fig.  76).  Further  in- 
spection of  a  cross  section  will  show  that  the  cord  is  not 
made  of  the  same  kind  of  material  throughout.  There 


Fig.  77.— Crosa  Section  of  the  Spinal  Cord,  front  side  above.   Partly  diagrammatic. 

Magnified.    For  references  see  text. 

is  an  outer  part  consisting  of  a  white  substance  and  an 
internal  core  of  rather  darker  colour.  These  two  kinds 
of  material  are  respectively  known  as  *  white '  and 
'  grey '  matter,  and  without  going  into  detail  it  may  be 
stated  that  the  former  is  made  up  of  exceedingly  delicate 
nerve  fibres,  the  largest  of  which  are  not  more  than  y^tj 
of  an  inch  in  breadth  ( =  2|-  the  breadth  of  a  red  corpuscle), 
while  the  latter  largely  consists  of  nerve  cells,  the  very 
largest  of  which  are  about  -^-^  of  an  inch  broad,  and  just 
visible  to  the  naked  eye.  Most  nerve  cells,  however,  are 
smaller  than  this :  a  breadth  of  y^Vo  ^^^^ 
taken  as  the  average.  The  grey  matter  of  the  spinal  cord, 
as  seen  in  cross  section,  presents  an  outline  which  has  been 
compared  to  a  butterfly,  or  to  two  crescents  placed  back 
to  back  and  united  by  a  transverse  band  (fig.  77).  The 
two  ends  of  each  crescent  may  be  conveniently  spoken  of 
as  the  anterior  cornu  and  posterior  cornu  (L.  cornu, 

(  JI  2G  )  I 
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horn)  respectively.  The  spinal  cord  gives  origin  to  a 
large  number  of  spinal  nerves,  which  supply  the  neck, 
trunk,  limbs,  and  part  of  the  head.  Each  such  nerve  is 
made  up  by  the  union  of  two  'roots'  or  bundles  of  nerve 
fibres,  as  shown  in  figs.  76  and  77,  one  placed  in  front 
and  the  other  at  the  back.  The  anterior  root  (ar)  arises 
opposite  the  anterior  cornu  of  the  grey  matter,  at  the 
junction  of  the  anterior  and  lateral  columns,  while  the 
posterior  root  (pr)  takes  origin  opposite  the  posterior 
cornu,  at  the  junction  of  the  lateral  and  posterior  columns. 
Upon  this  root  there  is  a  small  swelling  or  spinal 
gang^lion  (g)  (Gk.  for  small  tumour),  in  which,  as  in  all 
similarly-named  masses,  nerve  cells  are  found.  The  two 
roots  unite  together  in  an  intervertebral  foramen  (p.  28) 
to  form  the  trunk  (sp)  of  a  spinal  nerve,  which  almost  at 
once  begins  to  give  off  branches.  There  are  thirty-one 
pairs  of  spinal  nerves  in  all,  named  from  the  vertebral 
regions  to  which  they  belong.  The  roots  of  the  lower 
spinal  nerves  have  to  run  downwards  in  the  spinal  canal 
for  some  time  before  they  get  to  their  intervertebral 
foramina,  and,  together  with  the  filum  terminale,  look 
something  like  a  horse's  tail,  on  which  account  the  collec- 
tive name  of  cauda  equina  (L.  for  horse's  tail)  has  been 
given  to  these  structures.  The  nerve  fibres  which  make 
up  a  spinal  nerve  begin  in  the  grey  matter,  as  is  shown 
in  fig.  77.  They  are  then  bound  up  by  connective  tissue 
into  the  roots,  and  these  are  united  in  the  same  way  into 
the  spinal  nerve.  Some  of  the  upper  spinal  nerves  unite 
on  each  side  into  a  network  or  plexus  (L.  for  woven), 
from  which  the  nerves  for  the  corresponding  upper  limb 
are  given  off,  and  a  similar  plexus  supplying  the  loAver  limb 
is  formed  on  each  side  by  union  of  some  of  the  loAver 
nerves.  A  phrenic  nerve  (Gk.  phren,  midriff)  runs  back 
on  each  side  from  the  spinal  nerves  of  the  neck  to  the 
diaphragm.  If  a  spinal  nerve  is  traced  to  its  distribution 
its  branches  will  be  found  to  have  two  chief  destinations, 
(1)  to  the  muscles,  (2)  to  the  skin,  which  thus  are  con- 
nected with  the  spinal  cord,  and  by  its  means  Avith  the 
brain.    It  must  be  noted  that  the  grey  matter  of  these 


THE  NERVOUS  SYSTEM  AND  ITS  FUNCTIONS. 


131 


organs  is  the  part  which  gives  them  a  right  to  be  called 
'  central ',  is,  in  short,  the  tissue  by  which  the  direction 
and  management  of  the  body  are  carried  on.  The  grey 
matter  may  be  figuratively  compared  to  a  complicated 
collection  of  telegraphic  offices,  some  of  greater  and  some 
of  less  importance,  the  headquarters  being  in  the  brain. 
Various  ganglia  lying  outside  the  neural  canal  altogether 
may  be  looked  upon  as  outlying  offices.  But  just  as 
telegraphic  offices  are  placed  in  communication  by  means 
of  wires  so  are  the  various  masses  of  grey  matter  connected 
Avith  one  another,  and  with  other  parts  of  the  body,  by 
means  of  nerve-fibres.  The  simile  must  not  be  pressed 
too  far,  and  it  must  not  be  forgotten  that  the  nerve- 
fibres  are  alive.  When  an  electric  current  passes  along 
a  wire  the  minute  molecules  which  make  up  the  wire 
successively  undergo  some  kind  of  vibration,  a  kind  of 
limited  movement  which  brings  them  back  to  the  same 
spot  again,  just  as  is  the  case  with  a  pendulum.  When 
Avhat  is  called  a  '  nerve  impulse '  passes  along  a  nerve 
fibre  something  of  a  similar  kind  happens,  but  its  exact 
nature  is  not  known.  Most  of  the  nerve-fibres  which  can 
be  traced  into  muscle  may  be  called  efferent  fibres  (L. 
ex,  from ;  fe,ro,  I  carry),  because  they  carry  nerve  impulses 
from  the  grey  matter;  and  since  these  impulses  cause  the 
muscle  to  contract,  and  therefore  to  move,  these  fibres 
may  further  be  termed  motor.  It  is  found  that,  if  the 
motor  nerve  supplying  a  muscle  be  cut,  that  muscle  no 
longer  contracts  under  ordinary  circumstances.  In  other 
words  the  muscles  of  the  body  only  do  their  work  under 
the  direction  of  the  central  nervous  system.  This  is 
exemplified  in  certain  injuries  to  the  hand,  Avhereby  the 
nerves  supplying  some  of  the  finger  muscles  are  cut 
through,  with  the  result  that  the  power  of  working  those 
muscles  is  lost.  In  the  case  of  most  of  the  fibres  trace- 
able into  the  skin,  impulses  are  carried  to  the  central 
organs,  and  such  fiWes  are  therefore  termed  afferent  (L. 
ad,  to ;  fero,  I  carry).  Their  duty  is  to  convey  informa- 
tion, so  to  speak,  to  the  grey  matter,  and  since  the  result 
is  often  a  sensation,  it  may  be  of  contact  or  of  heat,  many 
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of  them  get  the  name  of  sensory  fibres.  Notice  here, 
however,  that  all  afferent  fibres  are  not  sensory,  nor  are 
all  efferent  fibres  motor. 

Functions  of  the  Roots  of  the  Spinal  Nerves. - 

The  peculiar  double  Avay  in  which  the  spinal  nerves  arise 
naturally  suggests  that  the  two  roots  are  of  difterent 
physiological  nature,  and  the  following  experiments  prove 
that  this  is  actually  the  case.  It  must  be  borne  in  mind 
that  a  stimulus  (L.  stimulus,  goad)  is  any  agency  by  which 
nerve  impulses  are  started  or  modified,  and  a  nerve  is 
said  to  be  stimulated  Avhen  such  an  agency  is  brought  to 
bear  upon  it. — (1)  When  both  roots  of  a  spinal  nerve  are 
cut,  feeling  and  the  power  of  movement  are  both  lost  in 
the  part  supplied.  From  this  the  conclusion  is  draA\Ti 
that  feeling  and  power  of  movement  are  alike  dependent 
upon  nerve-supply.  (2)  When  the  anterior  root  only  is 
cut  the  power  of  movement  is  lost  while  feeling  remains. 
When,  on  the  other  hand,  the  jJosierior  root  is  cut,  feel- 
ing is  lost  but  the  power  of  movement  remains.  The 
conclusion  is  therefore  drawn  that  the  anterior  root 
consists  of  motor  fibres  and  the  posterior  root  of  sensory 
fibres,  the  two  roots  uniting  together  to  form  a  mixed 
nerve,  i.e.  one  in  which  fibres  of  both  kinds  are  present. 
(3)  The  foregoing  conclusions  can  be  verified  by  stimu- 
lating the  cut  ends  of  the  roots  and  observing  the  effects. 
Such  stimulation  may  be  mechanical,  e.g.  by  pinching 
with  a  pair  of  forceps,  thermal  by  application  of  heat  or 
cold,  chemical  as  by  application  of  acid,  or  electrical  by 
means  of  a  galvanic  current.  If  the  proximal  end  {i.e. 
the  one  connected  with  the  sj)inal  cord)  of  an  anterior 
root  is  stimulated  no  obvious  result  follows,  but  if  the 
distal  end  {i.e.  the  one  connected  with  the  nerve  trunk) 
is  stimulated  contractions  of  the  muscles  at  once  take  place. 
If,  on  the  contrary,  the  proximal  end  of  a  2^osterior  root 
be  cut,  there  Avill  be  manifestations  of  imin,  while  no 
obvious  result  follows  stimulation  of  the  distcd  end.  It 
is  clear  that,  when  no  obvious  effect  results  from  stimu- 
lation, an  attempt  is  made  to  send  impulses  the  icrovg 
way,  while  when  an  obvious  result  is  obtained  it  must  be 
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supposed  that  nerve  impulses  are  being  set  up  m  the 
same  direction  as  under  normal  conditions.  In  other 
words,  the  fibres  of  the  anterior  root  carry  impulses  out- 
wards towards  the  muscles,  while  those  of  the  posterior 
root  carry  impulses  inwards  towards  the  spinal  cord. 
Thus  the  former  conclusion  is  borne  out,  that  these  roots 
are  respectively  made  up  of  motor 
and  sensory  fibres. 

Muscle-nerve  Preparation. 
— The  action  of  motor  nerves  on 
muscles  can  be  very  conveniently 
studied  in  what  is  known  as  a 
muscle-nerve  preparation  from  the 
body  of  the  frog.  In  this  and  other 
cold-blooded  animals  the  tissues 
remain  alive  for  a  long  time  after 
the  animal  has  been  killed  (p.  126), 
even  when  removed  from  the  body 
altogether.  A  frog,  rendered  in- 
sensible by  ether,  is  killed  by 
destruction  of  the  brain  or  by  de- 
capitation. One  of  the  hind  legs 
is  skinned,  and  the  muscles  of  the 
back  of  the  thigh  separated  from 
one  another.  A  large  sciatic  nerve 
will  then  be  seen  running  close 
to  the  femur.  This  nerve  is  traced 
doAvn  into  the  large  calf-muscle 
(gastrocnemius),  to  which  it  gives 
branches.  The  muscle  in  question 
is  dissected  out  with  the  lower  end 
of  the  femur  to  which  it  is  attached  above,  and  with  a 
piece  of  the  sciatic  nerve.  A  muscle-nerve  preparation 
(fig.  78)  is  thus  obtained  in  which  stimulation  of  the 
nerve  by  appropriate  means  causes  the  muscle  to  contract. 
In  applying  stimuli  to  the  nerve  we  are,  so  to  speak,  play- 
ing the  part  of  the  central  nervous  system,  and  sending 
nerve  impulses  along  it  to  the  muscle. 

Functions  of  the  Spinal  Cord. — The  spinal  cord 
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Fig.  78.— Jruscle-uerve  Pre- 
paration (enlarged). 

F,  Stump  of  femur;  sc.  n.,  scia- 
tic nei've,  sending  branches 
to  the  gastrocnemius  muscle 
(7. )«. ;  <,  lower  tendon  of  muscle; 
//  k,  hook  ;  S,  shot. 
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serves  as  a  means  of  communication  between  the  brain 
and  those  parts  of  the  body  which  .are  supplied  by  the 
spinal  nerves.  In  virtue  of  its  grey  matter  it  is  also 
able  to  do  independent  work  in  bringing  about  what  are 
known  as  reflex  actions,  the  nature  of  which  will  be 
explained  in  a  subsequent  paragraph. 

That  the  cord  conducts  nerve  impulses  to  and  from 
the  brain  is  proved  by  cases  where  it  has  been  divided 
or  badly  crushed  (as  when  the  back  is  'broken'  by  an 
accident)  so  that  the  part  of  it  below  the  injury  is  cut 
off  from  the  brain.    In  such  cases  feeling  and  power  of 

movement  are  lost  in 
those  parts  Avhich  receive 
their  nerve-supply  from 
the  piece  of  cord  so  dis- 
connected. 

Reflex  actions  are  those 
Avhich  result  from  the  ap- 
plication of  a  stimulus 
and  are  independent  of 
the  will.  The  nervous 
apparatus  necessary  for 
the  performance  of  such 
an  action  consists  of  3 
parts:  (1)  an  afferent  nerve: 
(2)  a  nerve-centre,  i.e.  a 
group  of  nerve-cells  acting 
together;  (3)  an  efferent 
nerve  (fig.  79).  A  good  example  of  reflex  action  is  the 
drawing  up  of  the  leg  which  takes  place  when  the  sole  of 
the  foot  is  tickled  in  a  sleeping  person.  In  this  case  the 
sensory  nerves  of  the  tickled  skin  represent  (1),  part  of 
the  grey  matter  of  the  spinal  cord  constitutes  (2),  and  the 
motor  nerves  of  the  muscles  concerned  correspond  to  (3). 
As  the  result  of  tickling  nerve  impulses  are  set  up  in  (1), 
travel  to  (2),  and  are,  so  to  speak,  'reflected'  downwards 
along  (3).  Reflex  actions  like  the  one  described  can  be 
effected  in  cases  of  broken  back,  thus  proving  that  the 
spinal  cord  is  able  to  do  certain  Avork  Avithout  the  aid 


i'ig  79.— Diagram  of  Reflex  Action. 

A  simple  case  represented  by  non-dotted  part 
—1,  seusQry  surface ;  2,  afferent  nerve ;  3, 
nerve-ceutre ;  4,  efferent  nerve ;  5,  muscle. 
The  entire  diagram  represents  a  more  com- 
plex case,  where  other  centres,  6  and  9, 
efferent  nerves,  7  and  10,  and  muscles,  8  and 
11,  are  broufjlit  into  action.  The  arrows 
indicate  the  direction  of  nerve  impulses. 
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of  the  brain.  The  student  must,  however,  be  cautioned 
against  supposing  that  what  takes  places  is  the  simple 
transmission  of  a  nerve  impulse,  for  no  doubt  this  im- 
pulse is  modified  to  a  greater  or  less  extent  by  the 
structures  through  which  it  passes. 

The  grey  matter  of  the  spinal  cord  can  be  mapped 
out  into  a  very  large  number  of  nerve-centres,  which 
have  special  duties.  These  centres  are,  however,  all 
connected  together,  like  so  many  telegraphic  ofl&ces,  and 
when  necessary  can  co-operate  together  in  various  ways. 
Here  again  the  frog  is  a  very  convenient  animal  upon 
which  to  demonstrate.  After  destruction  of  the  brain 
the  frog  is  hung  up  by  the  lower  jaw,  and  in  a  few 
seconds  remains  quite  motionless,  and  would  do  so  till 
all  the  tissues  died  if  external  stimuli  were  not  brought 
to  bear  upon  it.  If,  now,  one  of  the  toes  is  pinched  the 
leg  is  drawn  up.  A  small  piece  of  blotting-paper,  soaked 
in  dilute  acid,  is  next  placed  on  the  skin  of  the  back  and 
sensory  nerves  thereby  stimulated.  Movements  of  the 
legs  follow,  directed  to  the  removal  of  the  piece  of  paper, 
and  if  this  is  not  at  once  effected  the  movements  become 
more  vigorous,  and  spread  to  other  parts  till  the  whole 
body  is  convulsed.  Physiologically  expressed,  a  larger 
and  larger  number  of  nerve-centres  work  together  for 
the  same  end;  the  muscles  controlled  by  these  centres, 
through  motor  nerves,  being  brought  into  action.  (Cp, 
%.  79.) 

The  Brain  (fig.  80)  is  the  most  important  organ  in 
the  body,  and  as  such  it  is  not  surprising  that  its  struc- 
ture should  be  exceedingly  complex.  It  consists  of  (1) 
a  central  axis,  which  may  be  considered  as  an  enlarged 
continuation  of  the  spinal  cord,  (2)  of  large  outgrowths 
from  this  axis.  These  outgrowths  are  so  large  that 
they  overlap  and  very  largely  conceal  the  axis. 

(1)  The  Axis  of  the  Brain  is  divisilile  into  3  parts, 
as  follows: — {a)  The  medulla  oblongata  (L.  for  oblong 
marrow)  or  spinal  bulb,  the  lower  end  of  the  axis,  and 
therefore  directly  continuous  with  the  spinal  cord  which 
it  resembles  in  structure,  consisting  like  it  of  white 
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matter  externally  and  grey  matter  internally.  Its  upper 
end  is,  however,  very  much  larger  than  the  cord. 
Withm  the  bull)  there  is  a  good-sized  cavity,  the  4th 
ventricle,  continuous  Avith  the  very  narrow  central 
canal  which  runs  along  the  centre  of  the  cord,  (h)  The 
mid  brain,  a  small  region  containing  a  narrow  tubular 
cavity,  the  iter  (L.  iter,  road)  continuous  with  the 


Fig.  80.— Median  Longitudinal  Section  of  the  Brain. 

A  A,  Left  cerebral  hemisphere ;  b,  corpus  callosum ;  c,  'twixt  hrain ;  d  e,  medulla  oblon- 
gata; FG,  cerebellum,  the  cut  surface  of  which  shows  the  arbor  vitaj;  a,  optic  lobes. 

4th  A^entricle.  The  roof  of  this  caAdty  is  raised  into  4 
small  rounded  elevations,  the  optic  lobes,  while  its 
floor  is  thickened  into  tAvo  longitudinal  masses  of  Avhite 
matter,  knoAvn  as  the  crura  cerebri  (L.  for  legs  of  the 
brain).  Grey  matter  is  present  round  the  iter,  and  in 
the  optic  lobes,  (c)  The  'twixt  brain,  a  larger  region 
constituting  the  top  of  the  axis.  It  contains  a  A-ertical 
slit-like  cavity,  the  3rd  ventricle,  continuous  beloAv  Avith 
the  iter.  The  side-Avalls  of  this  caA'ity  are  called  the 
optic  thalarai  (L.  thalamus,  bed),  and  a  good  deal  of 
grey  matter  is  contained  Avithin  them. 
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(2)  Outgrowths.  These  are  (n)  the  cerebellum,  and 
(b)  the  cerebral  hemispheres.  ,  .  ■, 

((f)  The  Cerebellum  (L.  for  little  brain)  is  a  large  out- 
oTowth  from  the  back  of  the  bulb,  and  its  surface  is 
niarked  by  very  numerous  fissures  Avhich  extend  for  a 
long  way  into  its  substance.    When  the  cerebellum  is 
cut-  through  it 
is   found  that 
most  of  its  grey 
matter  forms  a 
surface  layer  or 
crust,  which  fol- 
lows the  com- 
plex fissures 
and  gives  rise 
to  a  tree -like 
appearance  (ar- 
bor   vitse  =  L. 
for  tree  of  life). 
This    layer  is 
the  cortex  (L. 
for    bark)  of 
the  cerebellum, 
and  the  fissures 
are  to  be  re- 
garded   as  a 
means    of  in- 


creasing its  ex- 


Fig.  81.— View  of  Ujiper  Surface  of  the  Brain. 
A  \,  Great  longitudinal  fissure ;  b  b,  cerebral  hemispheres. 


tent  Avithin 
small  bulk. 

{!>)  The  Cerebral  Hemispheres,  together  forming  tlie 
Cerebrum,  are  outgrowths  from  the  'twixt  brain.  They 
are  of  very  large  size,  and  this  is  chiefly  why  the  human 
brain  differs  so  markedly  in  appearance  from  that  of  a 
rab])it,  or  still  more  from  that  of  a  frog.  They  make  up 
the  greater  part  of  the  l^rain,  and  are  flattened  where  they 
abut  against  one  another,  but  strongly  curved  elsewhere 
(fig.  81).  The  exterior  of  the  hemispheres  is  marked  by 
very  inimerous  winding  grooves,  having  a  complicated 
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arrangement  The  rounded  elevations  between  these 
grooves  are  termed  the  cerebral  convolutions,  and  owing 
to  their  presence  the  hemispheres  possess  a  surface  much 
greater  than  would  otherwise  be  the  case.  Each  liemi- 
sphere  contains  a  relatively  small  cavity  of  complicated 
shape,  known  as  a  lateral  ventricle,  and  communicating 
by  a  small  hole  with  the  3rd  ventricle.  As  in  the  case 
of  the  cerebellum,  the  grey  matter  of  the  hemispheres  is 


Fig.  82  — Braiu  and  Roots  of  Cranial  Nerves,  uuniberea  iu  order. 

chiefly  present  as  a  surface  layer,  and  this  cerebral  cortex 
is  greatly  increased  in  extent  by  the  presence  of  convo- 
lutions. Below  the  cortex  comes  a  large  amount  of 
white  matter,  imbedded  in  which  are  some  comparatively 
small  masses  of  grey  matter.  The  two  hemispheres  are 
connected  together  across  the  middle  line  by  a  broad 
band  of  white  matter  known  as  the  corpus  caUosum 

(L.  for  hard  body).  .  i    i    •    •  ^ 

The  white  matter  of  the  various  parts  of  the  brain  just 
described  consists  of  an  immense  number  of  nerve-fibres, 
servinc^  to  connect  together  the  different  tracts  of  grey 
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matter,  in  which  it  has  been  estimated  that  there  are  some 
millions  of  nerve-cells.  These  are  grouped  into  a  very 
larc^e  number  of  nerve-centres,  performing  different 


offices. 

Cranial  Nerves  (fig.  82).  Twelve  pairs  of  nerves 
are  given  off  from  the  brain.    They  are  as  follows :— 


Nnture 
of  fibres. 

Use. 

Arise  from 

I  Olfactory 

sensory 

nerve  of  smell 

cerebral 
hem. 

nerve  of  sight 

II  Ontic 

sensory 

mici  uiaiii 

III.  OculomotDr 

motor 

nerve  for  most  eyeball 
muscles 

mid  brain 

IV.  Pathetic 

motor 

nerve  for  one  of  the  eyeball 
muscles 

mid  brain 

v.  Trigeminal 

mixed 

sensory  n.  for  skin  of  face, 

DUlO 

part  of  mouth  and  nose, 
and  teeth.    Motor  n.  for 

jaw  muscles 

VI.  Abducent 

motor 

nerve  for  one  of  the  eyeball 
muscles 

bulb 

VII.  Facial 

motor 

nerve  for  muscles  of  face 

bulb 

VII  r.  Auditory 

sensory 

nerve  of  hearing 

nerve  of  taste(?)  and  motor  ii. 

bulb 

IX.  Glosso- 

mixed 

bulb 

pharyngeal 

for  muscles  of  pharynx 

bulb 

X.  Vagus 

mixed 

sends  branches  to  larynx, 
heart,   lungs,  liver,  and 
stomach 

XI.  Spinal 

motor 

nerve  for  some  of  the  neck 

bulb 

Accessory 

muscles 

XII.  Hypoglossal 

motor 

nerve  for  muscles  of  tongue 

bulb 

It  will  be  seen  from  the  above  that  the  cranial  nerves, 
unlike  the  spinal  ones,  differ  very  much  from  one  another 
in  function,  some  being  purely  motor,  others  purely 
sensory,  and  only  three  of  them  mixed.  They  take 
origin  from  the  grey  matter  within  the  brain. 

Functions  of  the  Brain. — Experiments  similar  to 
those  described  on  page  135,  show  what  a  frog,  deprived 
of  its  brain,  is  able  to  do  by  means  of  the  spinal  cord 
alone.  The  statement  of  what  it  can  not  do  will  give  a 
rough  idea  of  the  functions  of  its  brain.  It  must  be  ex- 
plained that  those  actions  are  conveniently  named  spon- 
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taneous  or  automatic  which  start  in  a  nerve-centre  as  the 
result  of  internal  stimuli,  and  are  not,  like  reflex  actions, 
directly  dependent  on  stimuli  aftecting  afferent  nerves. 
Such  of  these  actions  as  depend  on  what  Ave  call  '  will ', 
are  termed  voluntary.  A  brainless  frog  is  incapable  of 
performing  any  voluntary  actions,  and  apparently  unaljle 
to  eff'ect  any  other  kind  of  spontaneous  action.  It  cannot 
feed,  breathe,  croak,  swim,  or  crawl,  either  spontaneously 
or  as  a  result  of  reflex  action,  nor  can  it  even  support 
itself  upon  its  limbs.  It  may,  therefore,  be  concluded  that 
all  the  most  complex  activities  of  the  body  depend  upon 
the  brain,  as  do  the  possession  of  will,  power  of  feeling, 
and  intelligence.  The  same  thing  appears  to  be  true  of 
the  higher  animals,  such  as  cat,  dog,  and  rabbit,  and  of 
oiu^selves,  with  this  limitation,  that  the  spinal  cord  has 
a  limited  power  of  giving  rise  to  spontaneous  thoitgh  not 
to  voluntary  actions. 

Division  of  physiological  labour  in  the  Brain. 
— Even  without  observation  and  experiment,  the  com- 
plex structure  of  the  brain  would  lead  us  to  suspect  that 
its  work  is  subdivided  among  its  various  parts  (p.  13). 

The  bulb  gives  rise,  as  will  have  been  noticed,  to  the 
greater  luimber  of  cranial  nerves,  and  this  is  correlated 
with  its  very  great  functional  importance.  It  acts  (1)  as 
a  conductor  of  nerve  impulses  between  the  spinal  cord 
and  other  parts  of  the  brain;  and  (2)  it  contains  a  num- 
ber of  important  nerve-centres,  largely  of  reflex  nature. 

"With  regard  to  the  bulb  as  a  conductor,  it  need  only 
be  noticed  that  the  nerve-fibres  of  its  white  matter  cru^ft 
over  from  one  side  to  the  other;  from  which  it  follows 
that  injury  of  one  side  of  the  brain  often  restdts  in 
paralysis  of  the  opposite  side  of  the  body. 

The  chief  nerve-centres  in  the  bulb  are  those  Avhich 
Avork  the  movements  of  respiration,  regulate  the  action 
of  the  heart,  control  the  vaso-motor  nerves,  and  bring 
al:)out  coughing,  sneezing,  and  swalloAWng.  The  respira- 
tory centre  is  situated  just  beloAv  the  floor  of  the  4th 
ventricle,  and  its  importance  is  shoAvn  by  the  .fact  that, 
when  it  is  injured,  breathing  at  once  stops,  and  death 
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ensues.  There  are  subordinate  centres  in  the  spinal  cord 
which  work  under  its  control.  Under  ordinary  circum- 
stances, this  centre  appears  to  be  automatic,  Avorking 
independently  of  impulses  conveyed  along  afferent  nerves, 
but  varying  its  action  according  to  the  state  of  the  blood 
circulating  in  the  vessels  of  the  bulb.  The  phenomena  of 
asphyxia  (p.  113)  depend' upon  this.  The  blood  in  ques- 
tion quickly  becomes  impure,  and  this  first  stimulates 
the  centre  to  increased  activity,  so  that  the  movements 
of  respiration  become  more  violent  in  the  attempt  to  get 
more  oxygen  and  get  rid  of  the  accumulating  carbon 
dioxide.  The  centre  is  then  exhausted,  as  a  result  of 
these  unusual  efforts  and  the  poisonous  influence  of  the 
impure  blood.  The  branches  of  the  vagus  nerve  (L. 
vagus,  wandering — in  reference  to  its  long  course)  which 
supply  the  respiratoiy  organs,  consist  mainly  of  afferent 
fibres  conveying  nerve  impulses  to  the  respiratory  centre, 
Avhich  accelerate,  or  retard,  or  even  stop  its  action.  The 
centre  must  be  regarded  as  a  reflex  one  in  so  far  as  its 
action  is  influenced  by  these  afferent  impulses. 

The  mid  brain  and  'twixt  brain  act  as  a  means  of 
communication  between  the  bulb  and  cerebellum  on  the 
one  hand,  and  the  cerebral  hemispheres  on  the  other. 
They  also,  in  virtue  of  their  grey  matter,  have  to  do 
with  vision. 

Functions  of  the  Cerebral  Hemispheres. — 

What  the  brain  of  a  frog  is  able  to  do  as  a  whole  has 
already  been  stated  (p.  140),  and  it  appears  that  a  very 
great  deal  can  be  done  by  the  brain  minus  the  hemi- 
spheres. 

Frogs,  from  which  the  hemispheres  have  been  care- 
fully removed,  have  been  kept  alive  for  many  months 
and  subjected  to  observation  and  experiment.  Such 
an  animal,  unlike  one  from  which  the  entire  brain 
has  been  removed,  is  able  to  support  itself  upon  its 
limbs  and  to  breathe  normally.  The  circulatory  organs 
do  their  Avork  properly,  and  so  do  the  digestive  organs, 
if  food  is  placed  in  the  mouth.  Complex  actions,  like  leap- 
ing, crawling,  swimming,  and  croaking,  can  all  be  carried 
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out,  but  only  by  reflex  action  as  the  result  of  the  application 
of  external  stimuli.  Left  to  itself,  however,  the  animal 
does  not  move,  and  shows  no  signs  of  intelligence. 
Nor  is  there  any  reason  to  suppose  that  it  can  '  feel ', 
in  the  ordinary  sense  of  the  word.  The  conclusion  is 
therefore  reached  that  '  will ',  intelligence,  and  feeling 
or  sensation  depend  upon  the  presence  of  the  hemi- 
spheres. They,  too,  possess  the  power  of  stopping  or 
inhibiting  (L.  inhibeo,  I  restrain)  reflex  movements  that, 
when  they  are  removed,  always  take  place  after  certain 
stimuli  have  been  applied.  Thus,  Avhen  the  hemispheres 
are  gone,  the  frog  can  unfailingly  be  made  to  crawl  up  a 
board  on  Avhich  it  is  placed,  by  slanting  the  board  so  that 
it  would  otherwise  slip  off.  But  place  an  uninjured  frog 
on  a  board  and  do  the  same;  the  result  is  quite  uncer- 
tain.   Ten  to  one  the  animal  leaps  aAvay. 

One  must,  however,  be  cautious  in  applying  to  higher 
animals  results  obtained  from  the  frog,  and  it  must  be 
remembered  that  the  cerebral  hemispheres  Avork  in  the 
closest  harmony  with  the  other  parts  of  the  brain. 
But  it  is  quite  safe,  nevertheless,  to  regard  them  as  con- 
taining the  supreme  nerve-centres. 

Cortex  of  the  Hemispheres. — The  grey  matter 
making  up  the  cortex  has  been  mapped  out  into  nerve- 
centres,  some  of  which  are  '  motor '  and  some  '  sensory  '. 
The  former  have  to  do  with  initiating  voluntary  move- 
ments, and  the  latter  are  concerned  with  smell,  hearing, 
sight,  &c.,  as  will  be  explained  in  the  next  chapter. 

The  central  part  of  the  Sympathetic  Nervous  System 
consists  of  two  cords,  situated  one  on  each  side  of  the 
backbone,  and  dilated  at  intervals  into  sympathetic 
ganglia  or  collections  of  nerve-cells.  By  means  of 
cross-branches  these  ganglia  are  connected  with  the 
spinal  and  some  of  the  cranial  nerves.  There  are  other 
important  sympathetic  ganglia  besides  those  described. 
The  sympathetic  nervous  system  supplies  the  internal 
organs  and  blood-vessels,  which  it  controls  and  regulates 
to  some  extent  independently,  but  subject  to  the  control 
of  the  brain  and  spinal  cord. 
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General  working  of  the  Nervous  System.— 
Examples  have  already  been  given  of  reflex  actions  for 
some  of  which  the  nerve-centres  lie  in  the  spinal  cord> 
while  for  others  they  are  situated  in  the  brain.  It 
remains  to  be  said  that  a  large  number  of  very  comjjlex 
reflex  actions  are  continually  being  performed,  which 
may  be  called  acq[uired  reflexes,  since  they  were,  to 
begin  with,  only  effected  by  constant  attempts  under  the 
direction  of  the  will.  For  instance,  a  boy  sees  a  bun  in 
a  shop  window,  goes  in,  buys,  and  eats  it.  Here  we  have 
an  extremely  elaborate  set  of  actions.  Sensations  of 
sight,  started  by  the  stimulation  of  the  retina  by  the 
image  of  the  bun  focussed  there,  lead  to  changes  in  the 
grey  matter  of  the  brain  of  unknown  but  no  doubt  very 
complex  nature.  These  again  lead  to  the  partly  volun- 
tary movements  of  walking  into  the  shop,  buying  the 
bun,  and  carrying  it  to  the  mouth ;  involving  the  action 
of  various  nerve-centres,  efferent  nerves,  and  muscles. 
But  the  details  of  these  actions,  the  various  movements 
of  legs,  arms,  and  jaws  are  largely  effected  without  any 
effort  of  the  will  as  the  result  of  external  stimuli,  e.g. 
contact  with  ground,  bun,  &c.,  and  are  therefore  reflex. 
They  are  also  acquired  reflex  actions — a  new-born  child 
could  not  carry  them  out. 


CHAPTER  X. 

THE  SENSE  ORGANS  AND  SENSATION. 

We  are,  when  awake,  in  what  may  be  termed  a  con- 
scious state,  that  is,  we  are  more  or  less  aware  of  what 
is  going  on  in  and  outside  of  our  bodies.  The  opposite 
is  the  case  in  profound  sleep,  or  during  a  dead  faint, 
when  Ave  are  said  to  be  unconscious.  Our  aAvareness 
of  current  events  is  due  to  constant  alterations  or 
changes  in  our  state  of  consciousness,  to  which  the 
name  '  feelings  '  or  '  sensations '  (L.  sensus,  faculty  of  per- 
ceiving external  objects)  may  be  applied. 
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Thus  we  may  speak  of  sensations  of  pain,  hunger, 
warmth,  contact,  &c.,  while  the  various  smells,  tastes, 
sounds,  and  sights  we  smell,  taste,  hear,  and  see  are 
examples  of  the  same  thing.  All  sensations  result  from 
molecular  changes  in  the  grey  matter  of  the  brain, 
preceded  in  the  ordinary  course  of  things  by  nerve 
impulses  conveyed  to  the  brain  along  sensory  nerve- 
fibres.  Thus,  sensations  of  pain  arise  (p.  132)  if,  in  a 
spinal  nerve,  the  central  stump  of  the  cut  dorsal  root  be 
stimulated.  The  part  of  the  brain's  grey  matter  in- 
volved in  sensation  is  the  cortex  of  the  hemispheres. 

Sensations  are  of  two  kinds,  general  and  special. 
General  sensations  are  those  which,  like  hunger,  thirst, 
fatigue,  &c.,  give  information  about  the  condition  of  the 
body,  but  give  no  direct  information  about  oiu"  sur- 
roundings. Special  sensations,  on  the  contrary,  let  us 
know  what  is  going  on  outside  ourselves,  and  here  are 
included  the  '  five  senses '  of  touch,  taste,  smell,  hearing, 
and  sight.  These  special  sensations  have  a  great  deal  in 
common,  and  it  will  be  convenient  to  take  them  first. 
Their  importance  is  obvious,  as  without  them,  or  some 
of  them,  it  would  be  impossible  to  live  without  constant 
aid  from  others.  And  again,  the  training  of  the  special 
senses  is  of  enormous  importance  in  education,  especially 
in  its  earlier  stages,  Avhile  Avithout  them  communication 
between  one  mind  and  another  would  be,  so  far  as  Ave 
knoAv,  impossible. 

All  special  sensations  involve  three  things — (1)  a 
sense-organ,  the  essential  part  of  AA^hich  consists  of  sense- 
cells  or  end-organs  capable  of  being  acted  upon  by  one 
or  more  particular  kinds  of  external  stimulus  ;  (2)  a  sen- 
sory nerve,  the  fibres  of  Avhich  are  continuous  Avith  the 
sense-cells;  (3)  one  or  more  sensory  nerve-centres  in  the 
brain.  The  external  agent  or  stimulus  is  in  a  state  of 
vibration  (p.  131),  and  it  'acts  upon'  the  sense-cells  by 
throAving  their  molecules  into  a  state  of  Aabration.  The 
changes  taking  place  in  the  rest  of  the  sensory  ajjparatus 
are  also  of  the  nature  of  molecular  A'ibration.  Just  as 
in  buildings  there  are  special  arrangements,  such  as 


SENSE  OF  TOUCH. 


145 


knockers,  bells,  speaking-tubes,  telephones,  -v^dndows,  &c., 
by  means  of  which  those  inside  can  obtain  more  or  less 
accurate  knowledge  of  what  goes  on  outside,  so  in  the 
l3ody,  sense-organs  are  present  for  a  similar  purposa 
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The  sense-organ  of  touch  is  the  skin,  together  with  the 
linings  of  the  mouth  and  cavities  of  the  nose.  As  to  the 
end-organs  of  the  sldn  a  good  deal  of  uncertainty  exists, 
but  there  can  be  no  doubt  that  some 
sensations  of  touch  begin  in  touch 
corpuscles  (fig.  83).  These  are  ovoid 
bodies,  about  of  an  inch  long, 
found  in  the  papillae  of  the  dermis 
(p.  123)  in  certain  parts  of  the  body> 
They  are  particularly  numerous  in 
the  palms  of  the  hands  and  soles  of 
the  feet,  and  it  has  been  calculated 
that  in  the  finger-tips  about  50  of 
them  occur  within  an  area  ^  of  an 
inch  square.  They  are  also  abundant 
in  the  tip  of  the  tongue.  Such  a  cor- 
puscle is  an  aggregate  of  numerous 
epithelial  cells,  and  a  couple  of  sen- 
sory nerve-fibres  come  into  close  rela- 
tion with  it.  It  may  be  emphasized 
here  that  all  the  end-organs  belonging  to  the  special 
sense-organs  are  modifications  of  epithelium. 

The  sensory  nerves  for  touch  are  the  trigeminal  for 
most  of  the  head,  and  the  sensory  parts  of  the  spinal 
nerves  for  the  rest  of  the  body.  These  nerves  branch 
up  in  the  skin,  and  the  trigeminal  also  sends  branches 
to  the  lining  of  the  nasal  cavities  and  mouth,  and  to  the 
pulp  of  the  teeth  (p.  59). 

Sensations  of  Touch.— These  result  from  the 
action  of  three  kinds  of  stimuli— (1)  contact,  (2)  pres- 
sure, (3)  changes  of  temperature— which  give  rise  to 
corresponding  sensations. 

(M26)  xr 


Fig.  83.— Magnified  View 
of  a  Papilla  of  8kin,  with  a 
Touch  Corpuscle. 
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(1)  Sensations  of  Contact  result  when  the  skin 
touches,  or  is  touched  by,  external  objects.  Vibrations 
are  set  up  in  the  end-organs,  as  a  result  of  which  affer- 
ent impulses  travel  along  the  sensory  nerves,  and  as 
a  further  and  final  result  part  of  the  grey  matter  of  the 
cortex  undergoes  changes,  and  then,  but  not  till  then,  the 
'sensation'  of  contact  arises.  One  or  two  important 
points  with  reference  to  this  and  all  other  kinds  of  special 
sensation  require  to  be  noticed  here.  (1)  If,  say,  the 
book  you  are  reading  is  touched  with  the  tip  of  your 
left  forefinger  a  sensation  of  contact  folloAvs,  and,  if 
asked  to  state  what  you  feel  and  ivhere  you  feel  it,  you 
would  probably  say  that  you  experienced  a  feeling  of 
smoothness,  or  it  might  be  roughness,  in  the  finger-tip. 
In  other  words,  the  sensation  is  supposed  to  take  place 
in  the  sense-organ.  But,  in  reality,  the  sensation  takes 
place  in  the  brain,  and  it  is  only  as  the  result  of  experience 
that  we  learn  to  localize  sensations  in  the  sense-organs, 
and  to  realize  that  they  teach  us  something  about  our 
surroundings.  There  is  no  reason  to  think  that  a  new- 
born child  understands  the  meaning  of  its  sensations 
developed  as  the  result  of  the  action  of  various  external 
stimuli.  Take  the  case  of  an  electric  bell  placed  in  an 
iruier  room  and  made  to  ring  by  pressing  a  stud  on  the 
front  door.  If  a  savage,  who  knew  nothing  of  such 
arrangements,  were  placed  in  this  room  and  the  bell 
rang,  he  would  not  realize  that  the  sound  had  anything 
to  do  with  the  outside  of  the  house.  But  the  same 
savage,  after  undergoing  a  certain  amount  of  training, 
would  soon  learn,  when  he  heard  the  same  sound,  to 
think  at  once  of  the  stud,  and  to  know  that  someone 
was  pressing  it.  The  bell  would  no  longer  be  thought 
of.  Call  the  house  the  body,  the  stud  a  sense-organ, 
the  wire  a  sensory  nerve,  the  bell  a  sensory  nerve- 
centre  in  the  brain,  the  sound  a  sensation,  and  the 
savage  the  mind,  and  the  force  of  the  illustration  will 
appear.  (2)  It  will  now  be  understood  that  a  sensation 
gives  no  information  about  external  things,  except  when 
compared  by  the  mind  with  past  experiences  of  the 
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same  kind.  It  naturally  follows  that  if  a  new  experience 
produces  the  same  sensations  as  an  old  experience  we 
shall  be  deceived,  and  think  the  new  experience  is  only 
another  sample  of  the  old  one.  Thus,  if  the  second 
finger  is  crossed  OA^er  the  first,  and  the  two  finger-tips 
are  then  applied  to  the  tip  of  the  nose  and  moved  about 
a  little,  the  result  will  be  a  distinct  impression  that  the 
nose  has  two  tips !  This  is  because  one  small  body  is 
touching  parts  of.  the  skin  which,  under  ordinary  circum- 
stances, can  only  be  touched  at  the  same  time  by  two 
small  bodies. 

Acuteness  of  the  Sense  of  Contact  in  different  regions. 
This  has  been  estimated  by  taking  a  pair  of  compasses 
Avith  blunted  points  and  finding,  for  diiferent  regions,  the 
smallest  distance  apart  at  which  the  points  gave  rise  to 
two  distinct  impressions.  Some  of  the  results,  in  frac- 
tions of  an  inch  are  as  f oIIoavs  : — Tip  of  tongue,  >  ^^P 
of  forefinger,  red  surface  of  lower  lip,  tip  of  nose, 
^;  palm  of  hand,  back  of  hand,  1^;  middle  of 
thigh,  2^.  It  appears  from  this  that  those  parts  are 
most  sensitive  which  are  actively  used  in  touch.  And, 
as  might  be  expected,  such  parts  are  the  best  off  as 
regards  sensory  nerves  and  end-organs.  Another  kind 
of  sensitiveness  goes  with  this,  i.e.  knowledge  as  to  the 
exact  position  of  the  point  touched. 

(2)  Pressure  Sense. — Sensations  of  pressure  arise 
Avhen  Aveights  are  laid  upon  the  skin,  and  it  is  possible 
in  this  Avay  to  tell,  Avithin  certain  limits,  which  is  the 
heavier  of  two  given  Aveights.  The  forehead  and  back 
of  the  hand  are  among  the  most  sensitive  parts  in  dis- 
tinguishing small  pressures,  while  the  fingers  and  back 
of  the  foot  appreciate  most  readily  small  differences 
between  Aveights. 

(3)  Temperature  Sense. — If  the  temperature  of  the 
skin  is  raised  a  sensation  of  'heat'  results,  but  if  its 
temperature  is  loAvered  the  sensation  produced  is  one  of 
cold.  The  parts  most  sensitive  in  this  respect  are:  tip 
of  tongue,  eyelids,  cheeks,  lips,  and  neck. 

There  is  reason  to  believe  that  sensations  of  contact, 
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pressure,  and  temperature  result  from  the  stimulation  of 
different  end-organs  and  different  sensory  nerves.  One 
reason  for  thinking  this  is  that  any  particular  part  is 
not  equally  sensitive  to  the  three  diff'erent  kinds  of 
stimulus. 

SENSE  OF  TASTE. 

The  tongue  is  the  chief  organ  of  taste  in  virtue  of 
special  sense-cells  belonging  to  the  stratified  epithelium 
by  which  it  is  covered.  The  surface  of  the  tongue  is 
raised  into  three  kinds  of  minute  projections  or  papillae 


Pig.  84.— Section  of  Circumvallate  Papilloe  of  the  Tongue— liighly  magnified. 

I  A,  Section  of  the  central  papilla ;  B  B,  section  of  the  surrounding  elevation ;  Pa,  pa- 
pilla of  the  true  skin ;  Ep,  layer  of  stratified  squamous  epithelium ;  T,  taste  buds. 
II  and  III  represent  very  highly  magnified  views  of  cells  of  the  taste  buds. 

—(1)  Filiform  papillae  (L.  filum,  thread;  forma,  shape) 
"which  are  the  most  numerous.  They  are  cylindrical  in 
shape,  and  about  yV  of  an  inch  long.  (2)  Fungiform 
papillae,  shorter,  broader,  and  much  less  numerous 
than  the  preceding.  They  are  somewhat  mushroom- 
shaped,  hence  their  name  (J^.  fungus,  mushroom;  forma), 
and  may  often  be  detected  as  bright  red  spots.  (3) 
Circumvallate  papillae,  which  are  the  largest  and  least 
numerous  kind,  there  only  being  about  a  dozen  of  them, 
arranged  in  the  form  of  a  backwardly-pointing  Y  on  the 
back  of  the  tongue.  Each  is  surrounded  b}^  a  deep  gi'00"\"e, 
and  this  again  by  a  ridge  (L.  circwn,  around ;  rallum,  wall). 
The  end-organs  of  taste  are  slender  taste-cells  (fig.  8-4), 
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contained  in  oval  taste-buds  imbedded  in  the  epithelium 
of  the  fungiform  and  circumvallate  papillee. 

The  sensory  nerves  for  taste  are  usually  considered  to 
be  (1)  a  lingual  branch  of  the  trigeminal,  supplying  the 
front  part  of  the  tongue ;  (2)  the  glosso-pharyngeal  nerve, 
supplying  the  back  part  of  the  tongue.  The  taste-cells 
are  probably  continuous  with  fibres  of  the  latter. 

Sensations  of  Taste. — Some  of  what  we  call 
'  tastes ',  in  the  ordinary  sense  of  the  word,  are  due 
to  the  fact  that  the  tongue  is  also  an  organ  of  touch, 
while  others,  especially  those  called  'flavours',  depend 
more  or  less  on  the  sense  of  smell.  A  joerson  suffering 
from  a  cold  in  the  head  often  complains  that  his  food  is 
'tasteless',  the  fact  of  the  case  being  that  he  can  taste 
but  not  smell  as  usual.  That  it  is  possible  to  smell  the 
food  in  the  mouth  will  be  realized  if  it  is  remembered 
that  the  nasal  cavities  communicate  with  the  pharjaix  by 
means  of  the  posterior  nares  (p.  60).  '  Burning '  tastes 
are  examples  of  tastes  depending  on  the  sense  of  touch. 

From  a  physiological  standpoint  the  only  true  tastes 
are  those  known  as  sweet,  bitter,  salt,  sour  or  acid,  and 
alkaline  (taste  of  saltpetre).  Tastes  of  this  kind  cannot 
arise  unless  the  substances  producing  them  are  in  a  state 
of  solution.  This  can  easily  be  shown  by  wiping  the 
surface  of  the  tongue  quite  dry  with  a  handkerchief  and 
placing  a  crystal  of  sugar  upon  it.  No  sweet  taste  will 
be  experienced  until  the  tongue  gets  damp  again  and  the 
sugar  begins  to  dissolve. 

There  are  very  probably  different  end-organs  for  differ- 
ent tastes,  as  in  most  cases  the  tip  of  the  tongue  is  most 
readily  affected  by  sweet  and  saline  substances,  its  sides 
by  acids,  and  its  back  by  bitters.  This  view  is  further 
supported  by  the  fact  that  by  chewing  the  leaves  of  a 
certain  Indian  plant  (Gymnema  sijlvestre)  the  power  of 
tasting  sweets  and  bitters  is  for  the  time  being  lost,  while 
other  tastes  are  unaffected. 

Differences  of  opinion  exist  as  to  Avhether  the  lingual 
or  glosso-pharyngeal  is  the  nerve  of  taste,  or  whether  both 
assist  in  this  sense.    Disease  of  one  trigeminal  leads  to 
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loss  of  taste  in  the  corresponding  half  of  the  tongue,  but 
no  such  result  follows  disease  of  the  glosso-pharyngeal. 
From  this  it  may  be  concluded  that  the  former  is  the  true 
nerve  of  taste,  and  the  glosso-pharyngeal  fibres  Avhich 
supply  taste-cells  probably  belong  to  it.  It  is  no  unusual 
thing  for  fibres  from  the  root  of  one  nerve  to  pass  over 
into  another  nerve. 

The  tongue  is  not  the  only  organ  of  taste,  for  taste- 
buds  are  also  found  in  the  epithelium  covering  the  soft 
palate. 

What  has  already  been  said  about  sensations  arising 
in  the  brain,  as  the  result  of  vibrations  set  up  in  sense- 
cells  and  sensory  nerves  (p.  146),  applies  to  taste  as  well  as 
to  touch.  Substances  in  solution  are  knoAvn  to  be  in  a 
state  of  molecular  vibration,  and  this  is  communicated  to 
the  taste-cells.  The  organ  of  taste  has  been  aptly  de- 
scribed as  a  sentinel  placed  at  the  beginning  of  the 
digestive  tube. 

SENSE  OF  SMELL. 

The  nose  is  usually  called  the  organ  of  smell,  and  this 
is  true  in  so  far  as  part  of  the  epithelium  lining  the  nasal 
cavities  contains  the  olfactory  end-organs.  Each  nasal 
cavity  communicates  with  the  exterior  by  a  nostril  or 
external  naris,  and  -svith  the  pharynx  at  the  back  by  one 
of  the  posterior  nares.  The  cavity  is  largely  blocked  up 
by  the  three  turbinated  bones  which  project  from  its 
outer  side  (fig.  85).  It  is  lined  by  mucous  membrane, 
the  extent  of  which  is  increased  by  the  j^resence  of  these 
bones.  The  lower  part  of  the  cavity  merely  serves  as  a 
passage  for  the  breath,  and  is  therefore  called  the  re- 
spiratory portion,  while  the  upper  part  constitutes  the 
olfactory  portion.  This  latter  region  is  lined  by  yelloAv- 
ish  epithelium,  containing  numerous  slender  olfactory 
cells,  which  are  the  end-organs  for  smell. 

The  sensory  nerve  for  smell  is  the  olfactory,  the 
branches  of  which  pass  through  the  holes  in  the  cribri- 
form plate,  and  divide  up  in  the  olfactory  mucous  mem- 
brane (fig.  85,  1),  their  fibres  ultimately  becoming 
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continuous  with  the  olfactory  cells.  The  lining  of  each 
nasal  cavity  is  also  supplied  by  branches  of  the  trigeminal. 

Sensations  of  smell  are  produced  when  certain  gases 
or  vapours  come  into  contact  with  the  epithelium  lining 
the  nasal  cavities.  What  are  called  'smells'  in  ordinary 
language  are  not  all  of  similar  physiological  nature  (cp. 
p.  149).  For  example,  pungent  smells,  like  that  of  smell- 
ing-salts, are  brought 
about  by  the  stimula- 
tion of  end -organs 
connected  with  the 
fibres  of  the  trige- 
minal, and  may  be 
looked  upon  as  clue 
to  a  refined  sense  of 
touch.  True  smells, 
stimulating  the  olfac- 
tory cells,  may  he 
classified  as  fragrant 
or  the  contrary.  To 
the  former  belong  the 
odour  of  musk,  la- 
vender, and  the  like; 
to  the  latter,  putrid 
and  other  unpleasant 

odours.        '  Sniffing  ',      l,  Branches  of  nerve  of  smell— olfactory  nerre;  2, 
,        ,      1  .  3,  7,  9,  trigeminal  branches  to  nasal  cavity ;  4,  5,  6, 

in  order  the  better  to      ditto  to  palate, 
perceive  any  given 

smell,  draws  the  odorous  gas  or  vapour  into  the  nasal 
cavities,  where  it  comes  into  contact  with  the  end-organs 
of  smell. 

The  organ  of  smell  guards  the  beginning  of  the  breath- 
ing passages,  and  warns  us  against  foul-smelling  air, 
which  is  generally  more  or  less  injurious  to  health.  This 
is  one  reason  why  we  should  breathe  through  the  nose, 
another  being  that  the  air  is  both  filtered  and  warmed  in 
passing  through  the  complicated  nasal  cavities,  the  open- 
ings into  which  are  protected  by  stiff  hairs.  In  this  way 
a  good  deal  of  dust  can  be  kept  out  of  the  windpipe  and 


4 

Fig.  85.— Distribution  of  Nerves  over  interior 
of  Left  Nasal  Cavity,  outer  wall. 
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its  branches,  and  there  is  less  danger  of  chilling,  Avith 
cold,  cough,  or  sore  throat  as  the  result.  The  organ  of 
smell  is  also  a  check  on  the  digestive  organs,  preventing 
us,  e.g.,  from  eating  such  harmful  substances  as  putrid 
meat.  The  'flavour'  of  food  (p.  U9)  is  due  more  to 
smell  than  taste. 

SENSE  OF  HEARING. 

It  will  have  been  remarked  that  the  delicate  end- 
organs  of  touch,  taste,  and  smell  have  a  more  or  less 
sheltered  position,  and  the  same  is  true  in  a  much  greater 
degree  for  the  compKcated  and  extremely  delicate  stnic- 


Pig.  86.— Mode  of  Propagation  of  a  Pulse. 


tures  which  make  up  the  essential  part  of  the  organ  of 
hearing.  These  structures  are,  in  fact,  situated  M-ithin  a 
cavity  hollowed  out  in  the  densest  part  of  each  temporal 
bone. 

The  stimulus  giving  rise  to  sensations  of  hearing  con- 
sists of  to-and-fro  vibrations,  or  '  pulses '  of  the  air,  set 
up  by  sounding  bodies,  such  as  bells,  tuning-forks,  or  the 
larynx.  Fig.  86  is  a  piece  of  apparatus  designed  to 
explain  the  meaning  of  a  'pulse'.  A  number  of  Avooden 
balls,  with  pieces  of  spiral  spring  between  them,  hang 
from  a  wire.  If  the  first  ball  is  struck  the  first  piece  of 
spring  is  compressed,  and  in  lengthening  again  pushes  the 
first  ball  backward  and  the  second  ball  forward,  thus 
compressing  the  second  piece  of  spring,  and  so  on.  In 
this  way  a  to-and-fro  vibration  travels  on  till  the  last  ball 
is  affected.    Something  like  this  happens  when  a  sound- 
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ing  body,  say  a  straight  spring  held  in  a  vice  (fig.  87),  is 
made  to  produce  a  sound.  It  vibrates  to  and  fro,  and 
this  vibration  travels  from  it,  through  the  air,  as  sound- 
waves. 

The  organ  of  hearing  consists  of  (1)  a  sound-conduct- 
ing  part,   by   means   of  d'  b  ^f- 
which  vibrations  in  the  air  \\  ||  // 
are  transmitted  to  (2)  the 
essential    auditory  struc- 
tures, containing  the  end- 
organs  of  hearing  and  sup- 
plied   by    the  auditory 
nerve,  which  is  the  sensory 
nerve  for  this  sense. 

The  Sound- conducting 
part  (fig.  88)  is  necessary 
owing  to  the  fact  that  the 
essential  parts  are  placed 
so  far  from  the  surface  of 
the  body.  It  includes  the 
regions  usually  known  as 
the  external  and  middle 
ears.  (1)  The  external 
ear  consists  of  (a)  the  outer 
flap,  to  which  the  name 
'ear'  is  given  in  ordinary 
language,  while  technically 
it  is  known  as  concha  (L. 
for  shell),  and  (b)  a  slightly- 
curved  passage,  the  exter- 
nal auditory  meatus  (L. 
meatus,  passage ),  which 
runs  into  the  head  for  a  distance  of  rather  more  than  an 
inch.  (2)  The  middle  ear  consists  of  the  tympanic 
cavity  (L.  tympanum,  drum),  or  'drum'  of  the  ear,  and 
of  structures  connected  with  it.  This  cavity  is  separated 
by  a  firm  tympanic  membrane  from  the  external  audi- 
tory meatus.  It  is  largely  bounded  by  the  temporal 
bone,  and  communicates  with  the  pharynx  by  means  of 


Fig.  87.— Vibration  of  Straight  Spring. 

The  free  end  d  assumes  altern.ately  the  posi- 
tions d'  and  d".  Its  lower  end  c  is  fixed  in 
a  vice  A. 
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the  Eustachian  tube.  Three  little  Ijones  (fig.  89)  the 
auditory  ossicles  (L.  ossiculum,  little  bone),  named,  from 
their  shape,  hammer,  anvil,  and  stirrup,  stretch  across 
the  drum.    The  handle  of  the  hammer  is  fixed  to  the 


Fig.  88.— Diagrams  of  Auditory  Organs  (natural  size). 

Parts  cut  through  are  shaded,  the  close  shading  indicating  the  temporal  bone  Mem- 
branous labyrinth  dotted.  Ty,  Tympanic  cavity ;  x  is  placed  by  fenestra  rotunda ; 
vm,  auditory  nerve.  Arrows  indicate  direction  in  which  sound-waves  and  resultant 
nerve  impulses  pass.   A  is  after  Schwalbe,  and  B  is  a  still  simpler  diagram. 

tympanic  membrane,  while  the  foot-plate  of  the  stirrup 
is  fixed  in  the  inner  wall  of  the  tympanic  cavity. 

The  Essential  Auditory  structures  or  Internal  Ear 
consist  of  a  bag  filled  with  clear  fluid  (endolymph)  and 
contained  in  a  cavity  larger  than  itself  within  the  temporal 
bone.  This  cavity  is  also  filled  ^vith  fluid  (perilymph). 
It  will  make  matters  easier  if  the  bag  is  first  thought 


SENSE  OF  HEARING. 


165 


of  as  being  simple  in  shape  (fig.  88,  b).  The  con- 
taining cavity  is  separated  by  bone  from  the  drum 
except  in  two  places,  known  as  '  windows '  or  fenestrae, 
w-hich  are  filled  up  with  membrane,  or  otherwise  the 
perilymph  would  escape  into  the  drum.  The  upper 
^Wndow,  on  account  of  its  shape,  is  known  as  the  fenestra 
ovalis  (L.  for  oval  window),  and  the  stirrup  foot-plate  is 
fixed  into  its  membrane.  The  loAver 
window,  being  round,  is  called  the 
fenestra  rotunda  (L.  for  round  window). 
It  remains  to  be  added  that  the  bag  is 
lined  by  epithelium,  which  at  certain 
spots  contains  numerous  slender  audi- 
tory cells  (fig.  90),  each  provided  with 
one  or  more  'auditory  hairs'  projecting 
into  the  endolymph,  in  which  are  sus-  "^"T 
pended  minute  calcareous  particles  or  Fig.  89.-Ear-bones. 
otoliths  (Gk.  oi/s,  otb&,  ear;  liilios,  stone).  ^'lii?''"Ttirrup*'the 
The  auditory  nerve  runs  from  the  brain  ffe"foo"K''vhicf: 
to  the  bag,  and  its  fibres  in  all  proba-  oyaii"'\''no\hl?^?ew 
bility  become  continuous  with  the  audi-  of  the  stmup  is  given 
tory  cells. 

A¥e  are  now  in  a  position  to  understand  how  Sensa- 
tions of  Sound  are  started.  Sound  waves,  collected  to 
some  extent  by  the  concha,  travel  along  the  external 
auditory  meatus,  and  cause  the  tympanic  membrane  to 
vibrate.  By  means  of  these  vilorations  the  auditory 
ossicles  are  moved,  and  the  foot-plate  of  the  stirrup 
pulls  the  membrane  of  the  fenestra  ovalis  backwards  and 
forwards,  so  that  waves  are  set  up  in  the  perilymph. 
From  this  vibrations  pass  through  the  Avail  of  the  bag 
and  affect  the  endolymph,  by  the  movements  of  which 
the  auditory  hairs  and  cells  are  caused  to  vibrate  so 
as  to  stimulate  the  fibres  of  the  auditory  nerve.  The 
impulses,  passing  along  the  nerve  to  the  brain,  aff'ect  the 
grey  matter  making  up  the  sensory  centres  for  hearing 
situated  in  the  cerebral  cortex,  and  sensations  of  hearing 
are  the  result.  The  path  taken  by  the  vibrations  in- 
volved in  this  sense  js  therefore  as  follows: — concha — 
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external  auditory  meatus— tympanic  membrane— audi- 
tory ossicles— perilymph— endolymph— auditory  hairs- 
auditory  cells— auditory  nerve— brain.  Sounds  can  also 
reach  the  auditory  bag  by  transmission  through  the 
bones  of  the  head.  This  may  be  proved  by  closing  the 
ears  with  cotton-wool,  and  then  holding  between  the 
teeth  the  handle  of  a  vibrating  tuning-fork,  when  the 
sound  given  out  ^vill  be  heard  distinctly.  A  few  other 
points  need  mention.— (1)  The  Eustachian  tube  indirectly 


Fig.  90.— MenibraDous 
Labyrinth  (much  mag- 
nified). 

A,  Right  labyrinth,  seen 
from  the  inner  side;  i-, 
utriculus";  s,  sacculus; 
a.v.,  p.v.,  and  h,  anterior 
Tertical,  posterior  verti- 
cal, and  horizontal  semi- 
circular canals ;  a  a,  am- 
pullas;  B,  longitudinal 
section,  through  an  am- 
pulla; au,  auditory  cells; 
n,  fibres  of  auditory 
nerve. 


places  the  drum  in  communication  with  the  external  air, 
so  that  this  presses  with  the  same  force  on  both  sides  of 
the  tympanic  membrane,  which  Avould  otherwise  bulge 
outwards  or  inwards,  according  to  circumstances,  and 
lead  to  giddiness  or  other  unpleasant  sensations.  (2) 
The  membrane  filling  the  fenestra  rotunda  bulges  in  or 
out  as  the  membrane  of  the  fenestra  ovalis  is  pulled 
out  or  pushed  in,  and  so  the  jDerilymph  is  prevented 
from  agitating  the  auditory  bag  too  violently.  (3)  The 
otoliths  are  not  found  in  all  parts  of  the  endolymph, 
but  in  a  kind  of  mucous  substance  which  is  present  in 
the  region  of  the  auditory  hairs.  This  substance,  per- 
haps, prevents  the  hairs  from  vibrating  too  much,  while 
the  otoliths  may  help  to  make  them  viljrate. 

So  far  the  auditory  bag  has  been  described  as  if  it 
were  of  simple  construction.    This,  however,  is  by  no 
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niGcans  the  case,  as  its  name  of  membranous  labyrinth 

indicates,  and  as  Avill  be  seen  from  fig.  90.  It  consists 
of  (1)  a  utricle  (L.  ufricuhis,  little  bag),  and  (2)  a  saccule 
(L.  sacculus,  little  bag),  only  connected  by  a  Y-shaped 
tube — and  also  of  (3)  three  curved  semicircular  canals 
connected  with  (1),  and  (4)  a  spirally-coiled  tube,  the 
cochlea  (Gk.  cuchUas,  snail  shell)  connected  with  (2). 
One  end  of  each  semi- 
circular canal  is  swollen 
into  an  ovoid  ampulla  (L. 
for  flask).  Auditory  cells 
occur  in  a  patch  in  the 
utricle,  a  patch  in  the 
saccule,  on  a  ridge  in  each 
ampulla  (fig.  90),  and  in 
the  cochlea,  where  their 
arrangement  is  very  com- 
plex. 

The  cavity  containing 
the  labyrinth  is  of  the 
same  general  shape,  and 
it  is  bounded  by  a  layer 
of  specially  hard  bone, 
from  which  the  softer 
bone  outside  can  be 
chipped  away,  leaving 
what  is  knoAvn  as  the 
'bony  labyrinth'  (fig.  91).  This  contains 
branous  labyrinth  suspended  in  perilymph. 


Fig.  91.— Bony  Labyrinth  of  the  riglit  side; 
the  upper  figure  magnified,  the  lower  of  the 
natural  size. 

2,  Fenestra  ovalis ;  9,  fenestra  rotunda ;  3,  4,  5, 
bony  semicircular  canals  with  ampuUse  ***; 
6,  8,  7,  bony  cochlea;  utricle  and  saccule 
lodged  in  central  mass  termed  "  vestibule  ". 
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SENSE  OF  SIGHT. 


The  organ  of  sight  or  eye  has  to  be  near  the  surface, 
in  order  to  perform  its  functions,  but  is  protected  in  an 
elaborate  way  by  its  position,  and  by  various  accessory 
structures.  The  orbit,  in  which  the  eyeball  is  contained, 
is  extremely  strong,  and  the  front  of  the  eyeball  is 
protected  by  the  eyelids  and  eyelashes,  while  the  eye- 
brows prevent  sweat  from  running  down  into  the  eyes. 
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The  eyeball  is  a  good  deal  smaller  than  the  cavity  of 
the  orbit,  and  the  spare  space  is  partly  filled  up  by  soft 
fat,  which  acts  as  a  protective  packing,  and  also  allows 
the  eye  to  be  moved  by  means  of  its  special  muscles. 
The  front  of  the  eye  is  kept  clean  by  the  secretion  of  the 
tear-gland,  which  is  situated  in  the  upper  and  outer 
part  of  the  orbit,  and  opens  by  small  ducts  in  the  inner 


Fig.  92.-Longitudinal  Vertical  Section  of  the  Eye. 

A,  Cornea:  b,  aqueous  humour;  c,  pupil;  b,  iris;  e,  lens;  r,  suspensory  ligament; 
G,  ciliary  process;  h,  sclerotic:  i,  choroid;  k,  retina;  l,  vitreous  humour,  outside 
which  the  hyaloid  membrane  is  indicated  by  a  fine  white  line ;  m,  optic  nerve;  N, 
inferior  rectus ;  o,  the  superior  rectus  muscle ;  f,  muscle  wliich  raises  the  upper 
eyelid. 

side  of  the  upper  eyelid.  It  resembles  a  salivary  gland 
in  structure,  and  its  secretion,  after  washing  the  front  of 
the  eye,  passes  into  a  small  tear  sac  situated  near  the 
inner  corner  of  the  eye,  by  means  of  a  minute  duct  open- 
ing on  the  edge  of  each  eyelid  close  to  the  inner  corner. 
From  the  tear  sac  the  '  tears ',  under  ordinary  circum- 
stances, pass  down  by  a  tear-duct  into  the  nasal  cavity. 

Structure  of  the  Eyeball  (fig.  92).— The  practical 
examination  of  a  sheep's  eye  by  cutting  into  it  will  show 
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that  it  consists  of  a  firm  wall,  enclosing  softer  structures 
in  somewhat  the  same  way  as  the  skin  of  a  ripe  goose- 
berry surrounds  a  semi-fluid  pulp.  This  wall  consists  of 
4  coatings  of  very  different  thickness  and  nature.  (1) 
The  outermost  coat,  known  as  the  'white  of  the  eye' 
or  sclerotic  (Gk.  shUros,  hard)  is  of  protective  nature, 
and  consequently  thick  and  tough.  In  front  the  eye- 
ball is  more  strongly  curved  than  elsewhere  and  here 
a  circular  piece  of  .,--^=r--^ 
the    sclerotic    is  ^-^^^^^^^^^>^^,^' 


taining  numerous   — — 

V>lnnfl-vpsi«plci  nnrl  Fig.  93.— Front  of  Eyeball  viewed  from  behintl,  and  show- 
UlUOU  VeSbeiS,    ailU  ^^^^^^^  Processes  (c.  p.),  Iris  (i),  and  Pui.il  (p). 

a  great  deal  of  pig- 
ment. This  coat  does  not  line  the  cornea,  but  in  the  front 
of  the  eye  becomes  continuous  with  a  flat  muscular  parti- 
tion, the  iris  (L.  for  rainbow),  by  which  the  eye  is  divided 
into  a  smaller  anterior  chamber,  and  a  very  much  larger 
posterior  chamber.  This  partition  is  pigmented,  and  is 
the  grey  or  blue  or  brown  part  which  gives  to  the  eye 
much  of  its  characteristic  appearance.  In  the  centre  of 
the  iris  there  is  a  circular  hole,  the  pupil  (L.  jmplUa,  has 
same  meaning),  through  which  light  can  pass  into  the 
interior  of  the  eye.  The  size  of  this  varies  according  to 
circumstances,  and  it  may  be  seen  as  a  black  patch  in 
the  centre  of  the  iris.  It  looks  black  because  the  dark 
interior  of  the  eye  is  seen  through  it.    The  choroid  is 


transparent,  and 
is  known  as  the 
cornea  (L.  corneus, 
horny),  which  may 
be  regarded  as  a 
window  by  which 
light  enters  the 
eye.  (2)  Within 
the  sclerotic  comes 
a  thinner  choroid 
coat  (Gk.  chOriun, 
membrane ;  eidds, 
resemblance),  con- 
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thickened  at  the  back  of  the  iris,  and  raised  into  a 
number  of  radiating  ciliary  processes  (fig.  93).  (3)  A 
delicate  transparent  membrane,  the  retina  (L.  rete,  net), 
constitutes  the  third  and  most  important  coat  of  the 
eye.  It  extends  on  to  the  back  of  the  iris,  but  only  that 
part  of  it  lining  the  posterior  two-thirds  of  the  eye  is 
of  physiological  importance.  If  this  part  of  the  eye  is 
looked  at  from  inside  a  small,  yellowish  depression  will 
be  seen  exactly  in  the  middle  (fig.  94).    This  is  the 

yellow  spot,  and  a  little 
to  the  inner  side  of  this 
there  is  a  small  area,  the 
blind  spot,  from  Avhich 
fibres  and  small  blood-ves- 
sels can  be  seen  to  radiate. 
The  retina  can  easily  be 
separated  from  the  cho- 
roid except  at  this  spot,  Ihe 
reason  being  that  the  optic 
nerve  here  becomes  con- 
tinuous with  the  retina 
after  j)assing  through  the 
sclerotic  and  choroid.  The 
fibres  of  the  optic  nerve 
branch  up  in  the  retina,  and  form  a  layer  in  that  part  of 
it  furthest  aioay  from  the  choroid.  Fig.  95  represents  a 
section  through  the  thickness  of  the  retina,  immensely 
magnified.  Beginning  on  the  outside  {i.e.  next  the 
choroid),  the  following  structures  are  seen : — (a)  A  layer 
of  cells  containing  pigment,  {h)  A  layer  of  modified 
epithelium  made  up  of  elongated  cells  called  the  rods 
and  cones.  These  are  the  end-organs  of  sight.  ('  ) 
Several  laj'-ers  of  less  importance,  {d)  A  layer  of  nerve- 
cells,  (e)  A  layer  made  up  of  the  fibres  of  the  optic 
nerve.  The  most  important  point  to  grasp  is  that  tJte 
rods  and  cones  are  connected  in  a  round-about  way,  b\' 
means  of  the  intermediate  structures,  icith  the  fibres  of  the 
optic  nerve. 

(4)  The  fourth  and  last  coat  of  the  eyeball  is  the 


Fig.  94.— Back  Half  of  EyebaU. 
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Nerve-fibres. 


Nerve-cells. 


thin,  transparent,  highly-elastic  hyaloid  membrane  (Gk. 
hyaloA,  glass;  eidos),  inside  the  retina.  This  membrane 
adheres  closely  in  front  to  the  ciliary  processes,  so  that 
it  is  thrown  into  folds,  and  then  splits  into  anterior  and 
posterior  layers,  known  as  suspensory  ligaments  (fig.  98) 
because  they 
are  continuous 
with  a  capsule  in 
which  is  sus- 
pended the  crys- 
talline lens.  This 
is  a  firm,  glassy, 
elastic  body, 
looking  like  a 
small  magnify- 
ing -  glass,  and 
possessing  con- 
vex front  and 
back  surfaces.  It 
is  therefore  said 
to  be  biconvex 
( L.  his,  twice ; 
convexus,  arched). 
The  anterior 
chamber  in  front 
of  the  lens  is 
filled  with  a 
watery  liquid, 
the  aqueous  hu- 
mour (L.  aqua, 
water;  humor, 
moisture ) ;  and 
the  posterior  chamber  behind  the  lens  contains  a  trans- 
parent jelly,  the  vitreous  humour  (L.  vitrum,  glass; 
humor). 

Sensations  of  Sight  result  when  the  rods  and  cones 
are  acted  upon  by  light,  which  is  the  special  stimulus  for 
this  sense.  Light  is  supposed  to  consist  of  vibrations  of 
a  particular  kind,  traversing  an  impalpable  substance, 

(  M  26  )  L 


Cones. 
T—  Rods. 


Cells  with  pig- 
ment. 


Fig.  95.— The  Microscopic  Structure  of  the  Retina. 
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ether  ^  (L.  aether,  sky),  which  is  supposed  to  pervade 
space.  Light  does  not,  like  sound,  depend  on  the  pre- 
sence of  air,  and  hence,  by  means  of  the  sense  of  sight, 
we  are  able  to  obtain  information  about  bodies  at  vast 
distances  away  from  the  earth.  The  eye  not  only  enables 
us  to  distinguish  between  degrees  of  brightness  and  kinds 
of  colour,  but  also  to  distinguish  the  shape  of  surrounding 
bodies.  It  is,  in  fact,  an  optical  instrument  presenting 
many  points  of  resemblance  to  a  photographer's  camera, 


Fig.  96.— Formation  of  Inverted  Image  on  Screen  bj-  Biconvex  Lens. 


»  n  1  bottle  an  inverted  image  of  which,  n  a,  is  formed  by  the  lens  M  K.   The  lines  repre- 
sent  the  LoSrse  of  some  of°the  Ught-riys  passing  from  the  object  through  the  lens. 

and  the  retina  may  be  regarded  as  a  sensitive  screen  upon 
which  images  of  surrounding  objects  are  throAvn,  mamly 
owing  to  the  action  of  the  crystalline  lens. 

Action  of  Lenses.— The  waves  or  undulations 
which  constitute  light  travel  in  straight  lines,  and  are 
called  'light-rays'.  A  'sunbeam'  passmg  through  a 
chink  into  a  room  is  a  collection  of  such  rays,  the  course 
of  which  is  made  visible  by  means  of  the  dust  which  they 
illuminate.  A  lens  (L.  for  lentil)  is  a  piece  of  glass  or 
other  transparent  solid  with  two  surfaces,  one  ot  which, 
at  least,  is  curved.  If  both  are  curved  outwards  the 
lens  is  biconvex.  Take  an  ordinary  magnifymg-glass, 
which  is  a  lens  of  this  kind,  hold  it  up  to  the  window, 

1  Not  to  be  confused  with  the  volatile  substance  of  the  same  name  sold  by 
chemists ! 
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and  pnt  a  piece  of  white  paper  behind  it.  It  will  then 
be  found  that,  at  a  certain  distance,  a  little  picture  of  the 
objects  outside  the  window  will  be  clearly  outlined  on 
the  screen,  but  up-side-down.  This  is  illustrated  by 
fig.  96.  The  rays  of  light  in  fact  are  bent  or  refracted 
(L.  refractus,  bent)  into  a  new  path  so  as  to  bring  this 
about.  A  photographer's  camera  is  arranged  on  this 
principle,  the  lens  being  fitted  into  the  front  of  a  dark 
box,  at  the  back  of  which  the  screen  is  placed.    The  eye, 


-  '1 

.    .     '     ■'  n 

Fig.  97.— Formation  of  Image  on  the  back  of  the  Eyeball. 

Rays  of  light  proceed  from  the  points  p,  m,  h  of  the  arrow  and  are  focussed  by  the 
lens  and  humours  of  the  eye  to  form  an  image,  p,  m,  h,  which  is  smaller  than 
the  object  and  inverted. 


again,  may  be  regarded  as  a  spherical  camera  with  a  lens 
in  front,  and  a  curved  screen,  the  retina,  behind  (fig.  97). 
Since  the  cornea,  aqueous  humour,  and  vitreous  humour 
assist  the  lens  in  refracting  the  rays  so  as  to  form 
images,  all  four  together  may  be  called  the  'refracting 
structures '  of  the  eye.  Light-rays  are  reflected  (L. 
reflecto,  I  turn  back)  from  the  surfaces  of  bodies  just  as 
tennis-balls  rebound  from  a  wall,  and  it  is  owing  to  such 
rays  that  we  see  objects  which  are  not  (like  the  sun, 
stars,  flames  of  lamps,  &c.)  self-luminous.  Thus,  the 
moon  is  seen  because  the  rays  of  the  sun  are  reflected 
from  it.  The  pigment  of  the  eye  prevents  the  light 
which  enters  from  being  reflected  from  one  part  to 
another,  which  would  produce  a  'dazzling'  eff'ect,  and 
prevent  clear  vision. 
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Accommodation. — By  experimenting  with  a  .lens 
and  sheet  of  paper  it  -vvill  soon  be  found  that  clear 
pictures  of  near  objects  can  only  be  formed  ivhen  the 
paper  is  further  from  the  lens  than  is  necessary  for 
distant  objects.    In  a  photographer's  camera  the  distance 
between  lens  and  screen  can  be  altered  at  pleasure, 
according  to  the  distance  of  the  objects  to  be  taken. 
Such  an  arrangement  would  be  very  inconvenient  in 
the  eye,  and  is  not  the  one  used.    But  in  the  camera 
another  method  is  possible.    Suppose  it  arranged  so  as 
to  take  distant  objects,  and  that  it  is  required  to  take  a 
near  object  ivithout  altering  the  distance  beticeen  lens  and 
screen.    This  can  be  done  by  using  a  lens  with  one  or  both 
sides  more  strongly  curved.    Now  a  healthy  human  eye  is 
so  arranged  that,  when  no  effort  is  being  emjjloyed,  distant 
objects  are  clearly  seen,  and  'accommodation'  to  near 
objects  must  in  this  case  be  managed  not  only  -n-ithout 
altering  the  distance  between  lens  and  screens  {i.e.  retina) 
but  also  witJwut  changing  the  len^s.    This,  at  first  sight, 
seems  to  be  impossible;  but  the  lens  of  the  eye  is  not 
rigid  like  a  piece  of  glass  but  elastic,  so  that  its  shape  can 
be  altered,  which  comes  to  the  same  thing  as  changing 
the  lens  of  a  camera.    When  we  are  looking  at  distant 
objects  the  lens  is  kept  on  the  stretch  by  its  suspensory 
ligaments.    If  these  could  be  slackened  the  lens,  being- 
elastic,  would  become  more  convex,  and  nearer  objects 
would  be  clearly  seen.    In  looking  at  objects  witliin  a 
distance  of  71  yards,  we  are  conscious  of  a  feeling  of 
effort.    This  is  because  we  are  using  a  muscle,  the  ciliary 
muscle,  which  accommodates  the  eye  to  near  objects 
by  slackening  the  suspensory  ligaments.    This  is  ex- 
plained by  fig.  98.    The  ciliary  muscle  takes  origin  from 
the  circular  junction  of  cornea  and  sclerotic,  and  is  in- 
serted into  the  thickened  part  of  the  choroid,  which  bears 
the  ciliary  processes,  to  which  it  must  be  remembered 
the  suspensory  ligaments  are  closely  attached.  hen 
this  muscle  contracts  the  choroid  is  dra^ai  forward,  the 
suspensory  ligaments  are  slackened,  and  the  front  of 
the  lens  becomes  more  convex.    The  nearer  the  object 
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that  is  being  looked  at  the  greater  the  contraction. 
That  the  choroid  is  pulled  forwards  as  described  has  been 
proved,  for  just-killed  animals,  by  sticking  a  long  needle 
into  the  eyeball  (see  fig.  98)  so  that  its  point  is  lodged 
in  the  choroid.  The  ciliary  muscle  is  then  made  to  con- 
tract by  stimulating  the  nerves  which  supply  it,  and  the 
head  of  the  needle  is  seen  to  move  bacJauards,  which 
means  that  its  point  and  the  choroid  move  fonvards. 


Vitreous 
DISTANT 


humour 
NEAR 


Fig.  9S.— Diagram  to  illustrate  Accommodation. 

On  the  light  side  the  adjustment  for  near  objects  is  shown,  and  on  the  left  that  for 
distant  objects.  1,  Position  of  needle  pushed  through  into  choroid  coat  before 
accommodation;  2,  position  of  the  same  after  accommodation. 


That  the  shape  of  the  lens-front  does,  alter  during 
accommodation  is  easily  proved  by  holding  a  candle  on 
one  side  of  the  face  of  another  person,  in  a  darkened 
room.  Three  images  of  the  canclle-flame  can  then  be 
seen  in  the  front  of  the  eye; — (1)  a  bright,  upright  image 
from  the  front  of  the  cornea,  (2)  a  similar  but  larger 
and  rather  duller  image  from  front  of  lens,  (3)  a  small, 
dim  inverted  image  from  back  of  lens.  When  the  eye  is 
being  accommodated  for  near  objects  (1)  and  (3)  remain 
unaltered,  but  (2)  gets  smaller.  This  proves  that  the 
front  of  the  lens  is  altering  its  shape  and  becoming  more 
convex. 

The  iris  regulates  the  amount  of  light  which  enters 
the  eye,  undergoing  changes  by  which  the  pupil  is  made 
larger  or  smaller,  as  the  case  may  be.    When  the  eye  is 
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exposed  to  a  bright  light  the  pupil  becomes  very  small, 
while  in  a  dim  light  it  is  of  considerable  size.  In  a 
camera  a  similar  end  is  attained  by  plates  of  metal  called 
diaphragms,  each  of  which  is  perforated  by  a  hole.  One 
of  these  plates  is  put  in  front  of  the  lens.  The  iris 
is  partly  made  up  of  circularly-arranged  muscle-fibres, 
and  when  these  contract  the  pupil  narrows.  Enlarge- 
ment of  the  pupil  is  due  to  radially-arranged  elastic 
fibres  Avhich  are  put  on  the  stretch  when  the  pupil  is 
narrowed,  and  come  into  play  when  the  muscle-fibres 
cease  to  contract.  Narrowing  of  the  pupil  takes  place 
when  near  objects  are  looked  at  as  well  as  when  the  light 
is  strong,  the  object  being  to  prevent  light-rays  from 
entering,  which  would  not  help  to  make  a  distinct 
picture. 

The  alterations  in  size  of  the  pupil  are  brought  about 
by  reflex  action — the  stimulus  being  light,  the  afferent 
nerve  the  optic,  the  nerve-centre  part  of  the  grey  matter 
of  the  mid  brain,  and  the  efferent  nerves  (a)  oculomotor 
for  narrowing,  (b)  sympathetic  for  enlargement. 

Proofs  that  the  Rods  and  Cones  are  the  End- 
organs  for  Sight. — These  structures  resemble  what 
are  known  to  be  end-organs  in  other  cases,  and  they  are 
connected  with  the  optic  nerve-fibres.  But  they  are 
turned  aicay  from  the  light,  and  definite  proof  of  their 
function  is  therefore  necessary.  One  argument  is  de- 
rived from  the  blind  spot  (p.  167),  where  rods  and  cones 
are  entirely  absent.  Closing  one  eye  look  fixedly  at  the 
a  in  fig.  99,  when  the  A  will  also  be  seen.  Now  slowly 
move  the  book  first  towards  then  away  from  the  eye. 
It  will  be  found  that  at  a  certain  distance  the  A  dis- 
appears from  view.  It  can  be  proved  that  in  this 
position  the  image  of  A  falls  on  the  blind  spot,  which, 
therefore,  is  not  sensitive  to  light,  and  receives  its  name 
on  that  account.  The  fibres  of  the  optic  nerve  are  m.ore 
numerous  here  than  elsewhere,  and  it  is  therefore  proved 
that  they  are  not  the  structures  acted  upon  directly  by 
light,  while  the  probability  of  the  rods  and  cones  being 
the  end-organs  is  increased.    Further,  the  yellow  spot  is 
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the  area  where  sight  is  most  acute,  and  here  the  retina 
consists  of  cones  only,  and  of  nerve-fibres  directly  con- 
tinuous with  them.  Such  fibres  are  less  abundant  here 
than  elsewhere.  It  would  seem  from  this  that  the  cones 
at  any  rate  are  probably  end-organs  for  sight,  and  as 
some  animals  possess  no  cones  but  only  rods,  it  seems 
reasonable  to  suppose  that  these  also  are  visual  end- 
organs.  The  evidence  described,  taken  collectively,  is 
sufficient  proof  as  to  the  functions  of  the  rods  and  cones, 
and  confirmation  is  given  by  a  simple  experiment.  If  a 
white  surface  is  looked  at  in  a  dark  room,  where  the  only 
source  of  light  is  a  candle  placed  on  one  side  of  the 
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Fig.  99.— To  show  the  "  blind  spot". 

head,  a  sort  of  branching  figure  will  be  seen,  which  moves 
as  the  candle  is  moved.  This  figure  is  the  shadoiv  of  the 
blood-vessels  of  the  retina,  and  it  must  be  seen  by  means 
of  end-organs  placed  behind  these  vessels.  This  is  the 
position  of  the  rods  and  cones.  We  must,  therefore, 
conclude  that  light,  after  passing  through  the  cornea, 
aqueous  humour,  lens,  vitreous  humour,  and  hyaloid 
membrane,  traverses  the  transparent  retina  and  stimulates 
the  rods  and  cones,  which  again  aff"ect  the  fibres  of  the 
optic  nerve  so  that  aff"erent  impulses  are  set  up.  These 
travel  to  the  brain,  and  in  part  of  the  cortex  of  the  hemi- 
spheres changes  take  place  leading  to  visual  sensations. 

The  movements  of  the  eyeball  are  brought  about  by 
six  band-like  muscles.  Four  of  these,  the  rectus  muscles 
(L.  for  straight)  arise  close  together  from  the  back  of  the 
orl)it  and  are  inserted  into  the  sclerotic  above,  below,  to 
the  inner  side,  and  to  the  outer  side,  being  respectively 
known  as  superior,  inferior,  internal,  and  external  rectus 
muscles.  The  two  former  are  shown  in  fig.  92.  Their 
respective  use  is  to  move  the  eyeball  up,  doAvn,  inAvards, 
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and  outwards.  The  two  remaining  muscles  are  the 
superior  and  inferior  oblique,  by  which  twisting  move- 
ments are  given  to  the  eyeball.  The  former  arises  from 
the  back  of  the  orbit,  runs  along  its  inner  side,  and  then 
passes  through  a  little  fibrous  loop  to  be  inserted  into 
the  upper  side  of  the  eyeball.  The  inferior  oblique  takes 
origin  from  the  inner  wall  of  the  orbit,  runs  under  the 
inferior  rectus,  and  is  inserted  into  the  outer  side  of  the 
eyeball. 

Long  Sight  and  Short  Sight.— Most  old  people 
and  a  fair  number  of  young  ones  are  '  long-sighted ',  by 
which  is  meant  that  the  eye  has  to  be  accommodated 
even  to  distant  objects  by  means  of  the  ciliary  muscle, 
while  by  no  effort  can  very  near  objects  be  clearly  seen. 
In  an  old  person  the  meaning  of  this  commonly  is,  that 
the  lens  has  lost  some  of  its  elasticity,  and  cannot,  there- 
fore, be  made  convex  enough  for  near  work.  In  young 
persons  the  i^robability  is  that  the  eye  is  too  short  from 
front  to  back.  The  remedy,  in  either  case,  is  the  use  of 
spectacles  with  convex  glasses,  which,  in  the  first  case, 
make  up  for  the  deficiency  in  the  lens,  and  in  the  second, 
so  add  to  its  power  that  the  shortness  of  the  eye  is  got 
over. 

Short-sighted  eyes  are  too  long  from  front  to  back,  and 
are  therefore  permanently  accommodated  for  near  objects. 
Efforts  of  accommodation  are  of  no  use  for  distant  objects, 
and,  indeed,  only  focus  the  eye  for  still  nearer  objects. 
The  remedy  is  the  use  of  concave  glasses,  by  which  the 
power  of  the  lens  is  diminished,  and  which  comes  to  the 
same  thing  as  substituting  a  weaker  lens  suited  for  the 
unusual  length  of  the  eye. 

General  Sensations. — It  is  only  necessary  to  add 
to  what  has  been  said  on  p.  144,  that  pain,  one  kind  of 
general  sensation,  results  when  the  end-organs  of  a 
sensory  nerve  are  stimulated  too  strongly,  or  when  the 
nerve  itself  is  stimulated.  This  is  not  true,  however, 
for  the  nerves  of  sight  and  hearing  with  their  end- 
organs,  and  perhaps  not  for  those  of  smell  and  taste. 
If,  for  example,  the  optic  nerve  is  injured,  a  sensation  of 
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light  and  not  of  pain  is  the  result.  The  name  Muscular 
Sense  is  given  to  the  sensations  of  effort,  experienced  when 
muscles  are  used.  It  is  mainly  by  this  sense  that  Ave 
estimate  the  amount  of  a  weight  held  in  the  hand,  and 
in  doing  so  we  move  the  hand  up  and  down,  so  as  to 
bring  numerous  muscles  into  action.  We  are  thus  better 
able  to  judge  of  the  effort  put  forth.  The  relative 
weights  of  two  objects  can  be  determined  with  consider- 
able accuracy  by  iDalancing  them  one  against  the  other 
in  the  two  hands.  It  is  known  that  muscles  are  supplied 
with  sensory  as  well  as  with  motor  nerves,  and  the 
former  are  no  doubt  connected  "vnth  the  muscular  sense. 


CHAPTER  XI. 
PEACTICAL  WORK. 

I.  Chemistry. 

An  elementary  knowledge  of  apparatus,  &c.,  is  assumed. 
Directions  for  preparation  of  oxygen,  <fec.,  have  been 
given  in  the  body  of  the  book.  For  physiological 
chemistry  see  Section  IV.  Students  who  have  not  been 
through  a  chemical  course  are  strongly  recommended  to 
read  Harrison  and  Bailey's  Chemistry  for  All  (Blackie). 

II.  Skeleton  and  Models. 

1.  Skeleton.— (1)  A  human  skeleton  should  be  very 
carefully  studied,  and  its  parts  draum  in  an  unruled  note- 
hook.  A  medical  half-set  Avill  answer  most  purposes,  but 
for  teaching  a  class  a  fully  articulated  skeleton  is  very 
desirable.  In  any  case  a  bisected  skull  to  show  interior 
will  prove  a  valuable  addition.  It  is  a  good  plan  to 
mark  the  boundaries  of  the  bones  with  a  thin  line  of 
red  enamel  paint.  Skeletons  or  parts  of  them  can  be 
obtained  at  a  reasonable  price  from  H.  Meller,  anatomist. 
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2  Churchill  Street,  Stockport  Road,  Manchester.  (2) 
Prepare  rabbit  bones  as  directed  on  2^2^.  18  and  19. 

2.  Models. — Excellent  models  of  brain,  eye,  skin 
section,  &c.,  are  made  by  many  firms  on  the  Continent. 
It  is  best  to  buy  these  direct,  and  Dr.  Fritsch,  Wladis- 
lawsgasse,  Prague,  can  be  thoroughly  recommended. 
Catalogue  will  be  sent  post  free  on  application. 

III.  Dissection. 

1.  Instruments,  &c. — The  minimum  required  is — 
a  large  scalpel,  a  small  scalpel,  a  pair  of  large  forceps, 
a  pair  of  small  forceps,  bone  forceps,  a  pair  of  small 
scissors,  a  pair  of  large  scissors,  a  seeker,  a  razor,  a 
German-silver  blowpipe,  and  two  mounted  needles. 
These  can  be  bought  separately,  and  kept  rolled  up  in 
a  piece  of  wash-leather  or  in  an  American  leather  case. 
All  of  them,  with  two  razors  and  two  scalpels  in  addition, 
can  be  obtained  in  box  for  25s.  from  C.  Baker,  244  High 
Holborn.  Good  work  can  be  done  with  penknife,  ordi- 
nary scissors,  and  mounted  bodkin  (as  seeker),  but  there 
are  no  substitutes  for  forceps  and  bone  forceps. 

A  watchmaker's  eye-glass  is  most  useful  in  dissecting 
small  structures,  and  a  threefold  lens  for  examination  of 
villi,  kidney,  &c. 

Frogs  and  parts  of  larger  animals  are  best  dissected 
under  water  in  a  pie-dish.  They  should  be  pinned  on  a 
piece  of  cork  or  soft  board,  weighted  with  sheet-lead. 
Pins  should  always  be  pushed  in  obliquely. 

Drawing  appliances  are  indispensable,  and  it  is  ad- 
vantageous to  indicate  different  structures  by  different 
colours,  using  pencils  with  coloured  leads  (not  crayons). 
Vessels— containing  pure  blood,  red, — containing  impure 
blood,  blue;  nerves,  green;  liver,  brown;  and  so  on. 
Letter  everything. 

2.  Dissection. — (1)  Dissect  aloiig  blood-vessels  and 
nerves,  and  avoid  seizing  them  with  forceps.  (2)  Re- 
member dissection  largely  consists  in  removal  of  connec- 
tive tissue.    (3)  Keep  dissection  clean  by  sponge  and 
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tap.  (4)  AVhen  large  blood-vessels  have  to  be  cut,  make 
two  ligatures  near  together,  and  cut  between.  Liga- 
ture by  tying  a  thread  round  and  pulling  tight,  but 
don't  overdo  this.  (5)  Draw  everything  Attention  is 
thus  compelled  and  memory  aided.  (6)  For  class  work 
rough  home-made  diagrams,  on  large  scale,  and  black- 
board drawings  in  white  and  coloured  chalks  are  most 
useful.-^ 

3.  Directions  for  Dissecting  a  Rabbit,  to  Il- 
lustrate General  Arrangement  and  Structure  of 
Organs. — The  best  way  of  killing  a  rabbit  is  to  place  it 
in  as  small  a  box  as  will  conveniently  hold  it,  having 
previously  placed  on  the  floor  of  the  box  a  small  piece  of 
sponge  or  cotton-wool,  saturated  with  a  teaspoonful  of 
chloroform.  The  box  should  be  as  nearly  air-tight  as 
possible. 

N.B.  is  used  to  call  attention  to  points  where  the 
rabbit  cliff'ers  markedly  in  structure  from  man. 

(1)  Lay  the  animal  on  its  hackton  a  hoard  or  deal  table, 
fully  extend  its  limbs,  and  fix  them  by  means  of  nails  through 
the  paivs.  Feel  sternum  and  ribs  through  skin,  and  thus 
recognize  positions  of  thorax  and  relatively  large  abdo- 
men. 

(2)  JVith  the  large  scalpel  make  a  longitudinal  median  cut 
through  the  skin  of  the  thorax,  continuing  it  forwards  to  chin 
and  backioards  to  end  of  abdomen.  A  convenient  plan  is  to 
push  the  handle  of  a  scalpel  under  skin,  through  first  incision, 
and  then  to  cut  doivn  upon  it,  continuing  same  process  in  both 
directions.  Separate  the  skin  from  underlying  structures  by 
means  of  scalpel,  and  jnn  down  the  fiap  on  each  side. 

Note.— (3)  The  muscles  of  the  neck  and  a  large,  dark 
jugular  vein  on  each  side.  (4)  Powerful  muscles  cover- 
ing the  wall  of  the  thorax,  and  largely  concealing  the 
ribs  and  sternum.  (5)  The  soft,  muscular  walls  of  the 
abdomen. 


1  Excellent  diagrams  are  made  to  order  by  H.  W.  Gilbert  Williams,  5 
mterbury  Road,  Croydon. 
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ABDOMEN. 

(6)  With  the  large  forceps  pinch  up  part  of  the  abdominal 
wall  near  the  middle  line.  With  the  scissors,  held  horizon- 
tally, cut  through  the  pinched^p  part. '  Prolong  icith  the 
scissors  the  oval  aperture  thus  made  to  sternum  in  front,  and 
to  end  of  abdomen  behind.  Make  transverse  cuts  in  front, 
and  pin  back  flaps.  The  intestines  of  the  rabbit  are 
relatively  much  larger  than  those  of  man,  and  the  posi- 
tion of  parts  as  now  seen  is  not  exactly  the  same  in 
every  case.  Note. — Disturbing  the  position  of  the  organs 
when  necessary,  but  not  tearing  or  cutting  anything.  (7) 
The  large,  brownish-red  liver  in  front,  largely  over- 
lapping. (8)  The  bluish -white  stomach.  (9)  The 
narrow,  pinkish,  much-convoluted  small  intestine.  (10) 
N.B. — The  large,  greenish  caecum,  marked  externally 
by  a  spiral  groove,  and  continued  into  a  pale,  finger-like 
vermiform  appendix.  (11)  The  much  narrower,  greenish 
colon,  with  pouched  Avails.  (12)  The  pale,  narrow,  thick- 
walled  rectum,  usually  containing  balls  of  faeces.  (13) 
The  membranous  folds  of  mesentery  by  which  the  various 
organs  are  suspended,  continuous  vnth.  (14)  the  perito- 
neum, a  moist,  shining  membrane  lining  the  abdominal 
cavity.  (15)  Veins  and  arteries  in  the  mesentery.  Each 
vein  is  generally  accompanied  by  an  artery,  the  former 
being  full  of  blood  and  relatively  large,  the  latter  small, 
pale,  and  empty.  (16)  Pull  back  the  liver.  Note. — (17) 
The  diaphragm,  with  muscular  margins  and  translucent 
tendinous  centre.  Two  masses  of  muscle,  the  pillars  of 
the  diaphragm,  run  back  from  its  dorsal  part  to  the  ventral 
side  of  the  backbone.  (18)  The  pink  lungs  seen  through 
the  centre  of  the  diaphragm.  (19)  Perforate  one  side  of 
the  diap)hragm  icith  a  scali^el,  and  the  corresponding  lung 
will  be  seen  to  shrink  away. 

(20)  Turn  the  intestines  over  to  the  right  side.  N.B. — 
Eight  and  left  are  used  in  the  sense  of  the  animal's  right 
and  left.  Note.— (21)  The  red,  tongue-like  spleen 
attached  to  the  cardiac  end  of  the  stomach.  (22)  The 
left  kidney,  attached  to  the  dorsal  AA-all  of  the  abdomen 
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a  little  way  behind  the  liver.  (23)  The  left  ureter,  a 
small,  pale  tube,  running  from  the  hilus  of  the  kidney  to 
(24)  the  pear-shaped  urinary  bladder,  which  can  easily 
be  made  out  in  the  posterior  part  of  the  abdomen.  (25) 
The  large,  dark  inferior  vena  cava,  running  in  the  middle 
line  along  the  ventral  side  of  the  backbone.  Trace  it  back, 
and  notice  that  it  is  formed  by  union  of  large  A'-eins  from 
legs  and  other  parts.  (26)  The  aorta,  a  bluish  vessel,  much 
smaller  than  the  preceding,  and  running  alongside  it. 
Branches  are  seen  running  from  it  into  the  mesentery, 
and  posteriorly  it  forks  into  the  main  arteries  for  the  legs. 

(27)  Turn  the  intestines  over  to  the  left  side  and  make 
out  the  right  kidney  and  right  ureter. 

(28)  Turn  the  liver  forwards.  Note. — (29)  The  green- 
ish-black, pear-shaped  gall-bladder  imbedded  in  a  slit  in 
its  right  half.  (30)  The  portal  vein,  branching  in  front 
into  the  liver  and  traceable  behind  into  the  veins  which 
run  in  the  mesentery. 

THORAX. 

(31)  Cut  away  ivith  scissors  the  middle  part  of  the  stermun 
and  enough  of  the  ribs  to  expose  the  thoracic  cavity,  leaving 
the  diaphragm  uninjured,  and  not  going  to  extreme  front  for 
fear  of  injuring  the  large  vessels.  Note,  disturbing  the 
parts  when  necessary,  (32)  The  pink,  shrunken  lungs, 
divided  into  lobes.  (33)  The  heart  enclosed  in  the  peri- 
cardium.  (34)  The  thymus  gland,  a  pinkish  fatty-look- 
ing mass  at  the  base  of  the  heart.  (35)  The  great  blood- 
vessels connected  with  the  base  of  the  heart.  (36)  The 
dark  inferior  vena  cava  piercing  the  diaphragm  and 
running  up  to  the  heart.  (37)  The  thick-walled  gullet 
running  through  the  thorax,  dorsal  to  the  preceding,  and 
piercing  the  diaphragm  to  enter  the  stomach.  (38)  The 
aorta  running  from  heart  along  ventral  side  of  backbone 
and  piercing  diaphragm.  (39)  Two  slender  white  cords, 
the  phrenic  nerves,  traversing  the  thorax  to  branch  up 
in  the  diaphragm.  (40)  Two  similar  cords,  the  vagus 
nerves,  one  running  along  the  left  side  of  the  gullet  and 
the  other  near  its  right  side.    (41)  A  pale,  very  slender 
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sympathetic  cord  running  along  each  side  of  the  l^ack- 
bone,  just  where  the  ribs  l)egin,  and  sAvelling  into  a  sympa- 
thetic ganglion  on  the  head  of  each  rib.  (42)  The  outer 
hxyers  of  the  right  and  left  pleurae  lining  their  respec- 
tive halves  of  the  thorax  (as  the  peritoneum  does  the 
abdomen),  and  meeting  to  form  a  median  partition, 
except  where  separated  by  the  heart.  Note  that  the 
pleurae  resemble  the  peritoneum  in  texture  and  are 
reflected  on  to  the  lungs  to  form  an  inner  layer,  just  as 
it  is  reflected  on  to  the  digestive  organs. 

NECK. 

(43)  Carefully  divide  the  muscles  of  the  neck  hy  a  longi- 
tudinal median  cut,  and  sejmxtte  from  structures  ichich  lie 
deeper.  Avoid  injuring  jugidars.  Note.  —  (44)  The 
trachea  in  the  middle  line,  and  hoops  of  cartilage  Avhich 
strengthen  its  walls.  Trace  it  forwards  and  observe  that 
it  expands  into  the  larynx  at  front  end  of  neck.  (45) 
A  firm,  narrow,  pinkish  common  carotid  artery  running 
along  each  side  of  trachea.  (46)  A  slender  white  cord,  the 
vagus  nerve,  running  close  to  the  outer  side  of  each  com- 
mon carotid.  Traced  forwards  it  swells  into  a  ganglion, 
the  vagus  ganglion,  a  little  behind  the  angle  of  the  jaw. 

(47)  PiiU  one  common  carotid  gently  up  ■with  forceps.  This 
will  put  on  the  stretch  a  membrane  connecting  the  artery 
with  other  structures.  Running  along  in  the  membrane 
note  the  pale  sympathetic  cord.  It  is  not  unlikely  to 
be  confounded  with  other  structures,  but  may  be  recog- 
nized with  certainty  by  the  fact  that  it  swells  in  front 
into  a  sympathetic  ganglion  (superior  cervical  g.)  close  to 
the  vagus  ganglion,  and  into  a  similar  sympathetic  gan- 
glion (posterior  cervical  g.)  at  the  root  of  the  neck. 

DIGESTIVE  ORGANS. 

(48)  Skin  the  left  side  of  the  head,  cutting  off  left  ear. 
Note.— (49)  The  left  parotid  gland,  a  soft  lobulated 
mass  in  front  of  and  beloAV  the  ear.  (50)  The  two  ovoid 
pinkish  submaxillary  glands,  lying  betAveen  the  two 
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halves  of  the  lower  jaw,  and  seen  by  turning  the  head 
back  to  its  first  position. 

(51)  Remove  the  muscles  from  the  left  side  of  the  loiver 
jaw,  and  carefully  break  it  away  so  as  to  expose  the  mouth- 
cavity.  Note.— (52)  N.B.— The  teeth.  (53)  The  tongue, 
which  differs  in  many  points  from  human  tongue,  but 
filiform  papillae  can  be  seen  in  its  front  part,  and  a 
couple  of  circumvallate  papillae  on  its  upper  side,  very 
far  back.  Also  note  on  its  side  the  left  foliate  papilla 
(unrepresented  in  man),  a  small  oblong  area  marked  by 
numerous  oblique  ridges.  (54)  The  hard  palate  in  front 
of  mouth-roof,  followed  behind  by  soft  palate.  N.B. — 
There  is  no  uvula. 

[With  the  aid  of  a  looking-glass  make  out  the  charac- 
ters of  your  own  mouth-caAdty.  Note  at  back  soft  palate, 
uvula,  and  opening  into  pharynx,  with  tonsil  on  each  side. 
Identify  and  count  teeth,  allowing  for  those  lost  or  not 
yet  cut.  Note  papillae  on  tongue.  Put  a  feiv  drops  of 
vinegar  upon  it  and  note  that  fungiform  papillae  swell  up. 
Lift  up  tongue  and  note  ridge  (p.  68)  upon  which  the  sub- 
maxillary and  sublingual  ducts  open.] 

(55)  Cut  hack  laterally  about  an  inch  behind  the  tongue, 
along  a  paper  roll  pushed  through  the  opening  seen  at  the 
back  of  the  mouth.  Note. — (56)  The  pharynx,  a  small 
chamber  behind  the  mouth-cavity.  On  its  floor,  at  the 
base  of  the  tongue,  note  (57)  an  elastic  flap,  the  epiglottis. 
(58)  Behind  this  is  a  large  aperture,  the  glottis,  through 
which  the  handle  of  the  seeker  can  be  passed  down  into 
the  trachea.  (59)  The  beginning  of  the  gullet  just 
behind  the  glottis. 

(60)  Pass  a  seeker  forwards  from  pharynx  above  the  soft 
pcdate  and  make  a  median  incision  through  the  latter.  The 
seeker  will  have  been  pushed  through  the  posterior  nares 
into  a  posterior  nasal  chamber  which  is  now  exposed. 
JNote  on  its  side  wall  (61)  the  small  aperture  of  the  right 
Eustachian  tube.  N.B. 

(62)  Carefidly  separate  trachea  from  deeper  structures. 
Note.— (63)  The  gullet  running  close  to  backbone.  Cut 
a  slit  in  its  wcdl  and  push  knitting-needle  upwards  through  it 
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into  pharynx.  Trace  gullet  down  through  thorax.  (64) 
Carefully  remove  diaphragm  and  trace  gullet  into  stomach. 
(65)  Compare  the  latter  with  fig.  38.  (66)  Very  care- 
fully identify  and  pull  out  the  U-shaped  loop  of  the 
duodenum.  Note. — (67)  The  narrow  but  firm  bile-duct 
running  from  liver  into  duodenum  just  beyond  the  py- 
lorus. (68)  N.B. — The  pancreas,  consisting  of  numerous 
fat-like  lobules  of  pinkish  colour,  situated  in  the  folds 
of  mesentery  enclosed  by  the  U.  (69)  N.B.  The  short 
pancreatic  duct  opening  into  the  side  of  the  U  further 
from  stomach,  about  two  inches  beyond  the  bend. 

(70)  Ligature  tJie  gullet  and  rectum.  Cut  through  gullet 
above  first  ligature  ami  through  rectum  below  second.  Remove 
stomach  and  intestines  by  cutting  mesentery,  leaving  liver 
behind,  and  follow  these  parts  out  from  end  to  end,  preferably 
under  ivater. 

(71)  Cut  open  and  wash  out  stomach.  Note  character  of 
its  walls  and  valvular  constriction  forming  pylorus. 
(72)  Tear  away  mucous  membrane  from  muscular  layers. 

(73)  Remove  ap)iece  of  small  intestine.  Cut  open  and  j^in 
out  under  water  to  show  internal  surface.  Note  the  velvety 
appearance  of  this,  due  to  innumerable  villi,  which  can 
be  seen  with  the  aid  of  lens. 

CIRCULATORY  ORGANS. 

(74)  Cut  through  outer  layer  of  pericardium.  Note 
escape  of  pericardial  fluid. 

(75)  Car ef idly  tear  away  outer  layer.  Note  that  at  base 
of  heart  it  is  continued  into  an  inner  layer  closely  covering 
the  heart. 

(76)  Break  away  remains  of  sternum  and  anterior  ribs. 
Remove  thymus.  Note.— (77)  The  jugular  vein  on  each 
side  uniting  with  a  subclavian  vein  from  fore-limb  to  form 
superior  vena  cava.  N.B.— Only  one  s.v.c.  in  man.  (78) 
With  the  aid  of  figs.  57-59  recognize  the  auricles,  ven- 
tricles, and  pulmonary  artery,  tracing  the  last  to  the  lungs. 
(79)  Turn  the  heart  forwards  (80)  trace  aorta  to  heart. 
Note  (81)  pulmonary  veins  running  into  left  auricle 
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from  lungs.  (82)  Trace  common  carotids  to  arch  of 
aorta. 

RESPIRA TOR  Y  OR GA NS. 

(83)  Carefully  remove  trachea  and  lungs.    Note  that 
trachea  bifurcates  into  bronchi. 

(84)  Tie  a  tube  into  trachea.    Inflate  the  lungs  by  bloicing. 
Cease  bloiving  and  they  collapse. 

(85)  Cut  through  one  bronchus,  and  with  seeker  and  scissors 
foUoiv  it  into  substance  of  lung.  Note  that  it  branches,  and 
that  the  branches  get  smaller  and  more  delicate. 

(86)  Examine  a  piece  of  the  thoracic  wall  for  the 
intercostal  muscles. 

MUSCLES  AND  JOINTS. 

(87)  Skin  one  of  the  fore-limbs.  Note  the  numerous  - 
muscles  and  the  tendons  connected  with  them.  (88) 
Carefully  remove  the  muscles  and  examine  shoulder  and 
elbow-joints.  (89)  Separate  out  the  humerus.  Note  the 
bluish  layer  of  cartilage  covering  each  end.  (90)  Use 
the  humerus  for  studying  the  characters  of  fresh  bone 
(cp.  p.  18). 

NERVOUS  SYSTEM. 

(91)  Place  the  animal  on  its  ventral  surface,  and  clean  the 
skin  and  muscles  from  the  skull  and  part  of  backbone.  Start- 
ing from  junction  of  the  two  break  away  the  roof  of  skidl  and 
dorsal  parts  of  vertebrce,  by  means  of  bone  forceps,  the  blades 
of  ivhich  must  be  kept  horizontcd.  The  brain  (N.B.)  and 
part  of  spinal  cord  will  thus  be  exposed  and  the  dura 
mater  and  pia  mater  (p.  128)  seen.  Note  in  the  brain 
(92)  the  two  smooth  cerebral  hemispheres,  broadest 
behind;  (93)  the  narrow  club-shaped  olfactory  lobes  in 
front  of  these ;  (94)  behind  the  hemispheres,  a  convoluted 
mass,  the  cerebellum,  which  rests  on  (95)  the  bulb  (me- 
dulla oblongata)  which  is  continuous  with  the  spinal  cord. 

(96)  On  the  first  day  of  dissection  remove  the  brain  and  a 
piece  of  spinal  cord  as  follows:— Break  away  side  icalls  of 
skull  and  lift  up  brain  in  front  icith  handle  of  sccUpel.  Work 
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very  carefully  hackwarcls,  cutting  through  the  roots  of  the 
cranial  and  sjnnal  nerves  as  they  appear.  Place  the  brain 
and  piece  of  cord  on  a  piece  of  cotton-wool  in  strong  spirit  to 
harden  for  a  few  days.  In  brain,  then,  (97)  press  hemi- 
spheres apart  and  note  the  band-like  corpus  callosum 
connecting  them.  (98)  Bend  the  brain  so  as  to  separate 
hemispheres  and  cerebellum,  and  note  the  optic  lobes  as 
four  small  elevations.  (99)  Remove  horizontal  slices  from 
hemispiheres,  and  note  (100)  the  distinction  between 
grey  and  white  matter,  and  (101)  the  lateral  ventricles. 
(102)  Slice  the  cerebellum,  and  note  the  arbor  vitae 
appearance  (p.  137).  (103)  Remove  the  remains  of  the  hemi- 
spheres and  cerebellum.  Note  the  axis  of  the  brain,  which 
substantially  resembles  that  of  the  human  brain.  The 
differences  between  the  two  brains  chiefly  lie  in  the 
cerebral  hemispheres. 

(104)  Note  the  spinal  nerves  in  the  axilla  (arm-pit), 
and  trace  them-  into  the  fore-limb. 

SENSE  ORGANS  (Fresh  Rabbit  required). 

(105)  Nose.  Break  open  one  nasal  cavity,  and  note  the 
(N.B.)  turbinated  bones  covered  by  mucous  membrane. 
(106)  Pass  a  seeker  back  into  p>osterior  nasal  chamber,  exposed 
as  directed  in  (51),  (55),  and  (60). 

(107)  Eye.  Note  upper,  lower,  and  third  eyelids,  the 
last  folded  up  in  anterior  corner  of  eye.  Seize  ivith  forceps 
and  draw  over  eye.  In  man  the  3rd  eyelid  is  represented 
by  the  little  red  fold  in  the  inner  corner  of  the  eye. 
(108)  Ctit  and  break  au-ay  roof  of  orbit,  and  note  (109)  the 
four  converging  rectus  muscles.  (110)  The  superior 
oblique  muscle  (cp.  p.  167).  (Ill)  Lift  up  eyeball,  and 
note  inferior  oblique  muscle.  (112)  Clear  aivay  muscH 
and  note  optic  nerve  running  into  back  of  eyeball. 

(113)  Ear.  Skin  left  side  of  head,  cut  away  left  pinna, 
and  follow  external  auditory  meatus  into  head,  cutting  or  break- 
ing away  surrounding  structures.  At  end  of  meatus  note 
(114)  the  tympanic  membrane.  (115)  Cut  this  through, 
and  note  (116)  tympanic  cavity  and  auditory  ossicles. 
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IV.  Digestion. 

The  chemicals  mentioned,  and  preparations  by 
Burroughs,  Wellcome  &  Co.,  can  be  obtained  from 
any  chemist. 

1.  Properties  of  Starch,  Sugar,  and  Proteids. 

A.  Starch. — Rub  up  a  small  quantity  of  powdered 
starch  with  a  little  water.  Thoroughly  mix  with  about 
200  times  its  volume  of  water,  and  boil  for  five  minutes. 
(a)  Place  a  little  of  the  starch  mucilage  thus  obtained  in 
a  test-tube.  Add  a  few  drops  of  iodine  solution.  It 
becomes  blue,  (b)  Touch  your  cufF  with  a  drop  of  iodine 
solution.  It  becomes  blue,  showing  presence  of  starch, 
(c)  Put  some  starch  mucilage  in  a  dialyzer  ^  (fig.  50),  and 
immerse  in  distilled  water.  After  some  time  test  the 
water  with  iodine  solution  for  starch.  No  result.  The 
mucilage  has  not  diffused  through  the  membrane. 

B.  Sugar.  —Use  maltose  (malt-sugar)  or  glucose  (grape- 
sugar).  Dissolve  a  little  in  distilled  water,  (a)  Put  a 
small  quantity  of  this  into  a  test-tube.  Add  four  times 
the  volume  of  Fehling's  solution,  prepared  at  the  time 
from  the  Fehling  test  tabloids  of  Burroughs,  Wellcome 
&  Co.  Boil.  Note  the  yellow  or  yellowish-red  precipitate, 
showing  the  presence  of  sugar. 

(b)  Place  some  sugar  solution  in  a  dialyzer,  and  after 
some  time  sugar  will  be  found  in  the  surrounding  water 
by  Fehling's  test.    Sugar,  therefore,  diffuses. 

C.  Proteids. — Break  the  white  of  a  fresh  egg  into  a 
cup  and  beat  it  well  up.  Shake  well  with  30  times  its 
volume  of  distilled  water.  Filter  through  flannel,  {a) 
Put  some  of  the  solution  in  a  test-tube,  and  add  a  little 
strong  nitric  acid.  A  white  precipitate.  Boil.  It  turns 
yellow,  and  p)artly  dissolves  to  form  yellow  solution.  Let 
cool,  and  add  some  strong  ammonia.  The  colour  changes 
to  orange  (xanthoproteic  reaction).     (b)   To  a  small 

1  The  prepared  skins  used  in  making  sausages  answer  the  purpose  well, 
after  soaking  in  water.    See  that  no  visible  holes  are  present. 
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quantity  of  the  solution  add  four  times  its  volume  of 
acetic  acid,  and  a  feM'  drops  of  strong  solution  of  potas- 
sium ferrocyanide.  A  precipitate,  (c)  Boil  some  of  the 
solution.  It  coagulates,  (d)  Place  some  of  the  solution 
in  a  dialyzer,  and  after  some  time  has  elapsed  test  the 
surrounding  water  for  proteid  by  (a)  and  (c).  No  result. 
Proteids  do  not  diffuse. 

2.  Saliva.   Gastric  Juice.   Pancreatic  Juice. 

In  all  cases  ivhere  the  digestive  action  of  these  juices  is 
to  be  experimented  on,  stand  the  vessels  containing  the  solutions 
ill  icater  as  hot  as  the  hand  can  hear  easily. 

A.  Saliva. — Wash  out  the  mouth,  and  stimulate  the 
secretion  of  saliva  by  chewing  a  small  piece  of  india- 
rubber.  Collect,  filter,  and  dilute  with  five  times  its 
volume  of  distilled  water.  («)  Put  a  little  starch- 
mucilage  in  a  test-tube.  Add  ^  the  volume  of  saliva. 
Leave  for  an  hour,  and  then  apply  Fehling's  test. 
Sugar  will  be  found.  Use  same  test  with  starch-mucilage 
alone,  and  saliva  alone.  No  residt.  (b)  Put  some  starch- 
mucilage  mixed  with  saliva  in  a  dialyzer,  and  leave  for 
some  hours.  Take  some  of  surrounding  Avater  and  apply 
Fehling's  test.  Sugar  luill  be  found,  (c)  Boil  some  saliva, 
and  add  it  to  starch-mucilage.  After  some  time  ajjply 
Fehling's  test.  No  result.  The  ptyalin  has  been  destroj-ed. 

B.  Gastric  Juice. — Use  the  pepsin  preparations  of 
Burroughs,  Wellcome  &  Co.  i.e.  "Pepsin  in  Scales  "  or 
else  "Glycerinum  Pepticum",  adding  as  Avell  some  0"2 
per  cent,  hydrochloric  acid.  It  is  also  instructi'S'e  to 
prepare  peptic  glycerine  from  the  rabbit's  stomach. 
Open  quickly,  wash,  scrape  away  the  mucous  membrane 
in  shreds,  place  the  scrapings  in  strong  glycerine  for 
eight  days,  pour  off".  Use  in  same  way  as  other  prejDara- 
tions.  (a)  Add  a  little  pepsin  to  some  white-of-egg 
solution  or  blood-fibrin.  Put  in  a  dialyzer  and  leave  for 
some  hours,  (b)  Apply  xanthoproteic  test  to  part  of  sur- 
rounding water.  Result  as  in  1,  C,  (a),  (c)  Boil  another 
part.    No  result,    (d)  Test  another  part  with  acetic  acid 
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and  potassium  ferrocyanide.  No  result.  Peptone,  differ- 
ing in  many  ways  from  proteid,  has  been  formed,  and  has 
diffused  through  the  membrane,  (e)  Repeat  the  foregoing 
experiments,  having  previously  boiled  the  pepsin  in  a 
little  water.   iVb  result.    The  ferment  has  been  destroyed. 

C.  Pancreatic  Juice. — Use  the  Zymine  Peptonizing 
Powders  of  Burroughs,  Wellcome  &  Co.,  and  by  employ- 
ing method  described,  except  that  no  acid  is  aclded, 
prove  that  it  can  digest  starch  and  proteid.  Boiling,  as 
before,  destroys  the  ferments.  Glycerine  pancreatic 
extract  may  be  prepared  by  mincing  the  pancreas  of  a 
pig  and  treating  as  in  IV.,  2,  B. 

3.  Emulsification  of  Fat. 

Into  a  watch-glass  pour  some  ^  per  cent  solution  of 
sodium  carbonate.  With  a  glass  rod  place  a  drop  of 
rancid  oil  in  the  solution.  Note  that  the  drop  gradually 
gets  milky,  and  the  watch-glass  will  in  the  end  be  found 
full  of  white  fluid,  which  is  an  emulsion  of  fat.  Examine 
under  the  microscope,  and  note  the  minute  fat  globules. 

4.  Digestion  of  Milk. 

1.  Take  two  specimens,  and  treat  one  with  pepsin 
preparation  and  hydrochloric  acid,  the  other  with  pepton- 
izing powder,  according  to  method  previously  described. 
In  either  case  note  (1)  curdling,  from  action  of  a  special 
ferment ;  (2)  dissolving  of  the  curds  with  formation  of  jJejjtone. 

2.  Procure  some  rennet,  which  is  an  extract  from  the 
stomach  of  the  calf,  and  contains  rennin.  (1)  Add  a 
few  drops  to  some  warm  milk,  and  note  the  curdling.  (2) 
Add^  some  rennet  to  boiling  milk.  No  result.  The 
rennin  is  destroyed  by  the  heat. 

V.  The  Heart. 

1.  Structure  of  the  Sheep's  Heart  (cp.  figs.  57-60). 
—Procure  a  sheep's  "pluck",  i.e.  heart  and  lungs.  (1) 
Dissect  away  pericardium,  and  recognize  auricles  with 
their  appendages,  ventricles,  pulmonary  artery,  and 
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coronary  vessels  branching  on  the  surface  of  the  heart. 
The  front  (ventral)  side  can  be  distinguished  by  a  furrow 
filled  with  fat,  running  along  boundary  between  ventricles. 
Left  side  can  be  distinguished  by  the  firmer  feel  of  left 
ventricle,  which  alone  extends  to  apex. 

(2)  Trace  jmlmuiiary  artery  to  lungs,  and  imhionary  reins 
from  ther)i.  Carefully  cut  lungs  away.  Note — (3)  Superior 
vena  cava.  (4)  Inferior  vena  cava.  (5)  Coronary 
sinus,  opening  close  to  (4). 

(6)  Ligature  (4)  and  (5).  Tie  a  short  glass  tube  into  (3), 
and  a  larger  one  into  j^ulmonary  artery.  Four  water  into 
the  short  tube  and  squeeze  R.  ventricle.  Note  that  water 
ascends  in  long  tube,  but  does  not  run  back,  owing  to 
closure  of  pulmonary  semilunar  valves. 

(7)  Open  right  auncle  by  cutting  along  the  siqjerior  and 
inferior  vencB  cavce.  Note. — (8)  The  Eustachian  valve, 
a  fold  guarding  the  opening  of  the  i.v.c.  (9)  The 
Thebesian  valve,  a  similar  fold  guarding  the  opening  of 
the  coronary  sinus.  (10)  The  auricular  septum.  (11) 
The  large  right  auriculo-ventricular  opening. 

(12)  Cut  open  the  left  auricle.  Note — (13)  The  open- 
ings of  the  2  (N.B.)  pulmonary  veins.  (14)  The  auricular 
septum.  (15)  The  large  left  auriculo-ventricular  opening. 

(16)  Pour  water  through  the  auricles  into  the  ventricles. 
Note  that  the  flaps  of  the  auriculo-ventricular  valves 
float  up. 

(17)  Cut  across  the  ventricles,  a  short  distance  from 
apex  of  heart.  Notice  the  relative  shape  of  the  ventri- 
cular cavities,  and  the  relative  thickness  of  the  ventricular 
walls. 

(18)  Cut  away  outer  wall  of  right  ventricle.  Note— (19) 
Tricuspid  valve.  (20)  Papillary  muscles  and  other 
columnse  carnese.  (21)  Chordae  tendinese.  (22)  Pass  a 
seeker  up  into  jndmonary  artery.  (23)  Ctd  imlmonary  artery 
short.  Note  pulmonary  semilunar  valves.  (24)  Slit  up 
pulmonary  artery,  and  examine  valves  more  closely. 

(25)  Cut  away  outer  ivall  of  left  ventricle  and  note 
mitral  valve,  aortic  semilunar  valves,  &c.,  as  above. 
(26)  Note,  in  the  opened  aorta,  two  small  holes  just 
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behind  two  of  the  semilunar  valves.  These  lead  into 
the  coronary  arteries. 

The  preceding  directions  will  serve  for  the  dissection 
of  the  rabbit's  heart,  if  for  "coronary  sinus"  "left 
superior  vena  cava  "  is  substituted. 

2.  Movements  of  the  Heart. — (1)  When  a  just- 
killed  rabbit  is  opened  the  heart  will  probably  be  seen 
beating,  and  the  alternate  contraction  of  auricles  and 
ventricles  can  be  noticed.  (2)  Chloroform  and  open  a 
frog  in  same  ivay  as  described  for  rabbit.  (N.B.  There  is 
no  diaphragm,  and  the  structure  differs  in  many  other 
ways  from  that  of  rabbit.)  Note  the  heart  in  its  peri- 
cardium. It  beats  regularly,  and  will  continue  to  do  so 
for  some  time,  even  if  removed  from  the  body.  Dissect 
aivay  the  jJericardium,  and  note  that  the  two  dark  thin- 
walled  auricles  and  the  firm  paler  ventricle  undergo 
systole  alternately. 

3.  Cardiac  Impulse  and  Pulse. — (1)  ^Fith  the 
right  forefinger  find  the  place  between  your  left  fifth  and  sixth 
ribs,  ivhere  the  cardiac  impulse  is  best  felt.  (2)  With  the 
left  forefinger  feel  the  ^ pulse'  in  the  right  wrist  (ventral 
surface,  thumlD  side).  Note  the  rhythmic  swelling  of 
the  artery  which  takes  place.  It  can  be  seen  with  the 
eye.  (3)  Place  the  right  forefinger  as  in  (1),  and,  at  the 
same  time,  the  left  forefinger  as  in  (2).  Note  the  time- 
relation  betweeen  the  pulse  in  the  wist  and  the  cardiac 
impulse. 

VI.  Coagulation  of  Blood. 

(1)  Let  some  of  the  blood  from  a  freshly  killed  rat  or 
rabbit  run  into  a  small  beaker.  Note  the  stages  of  coagu- 
lation (cp.  p.  83).  (2)  Prick  your  finger  ivith  a  needle,  and 
transfer  a  drop  of  blood  to  a  glass  slide.  Note  that  it  soon 
passes  into  the  jelly  stage.  (3)  Rapidly  stir  ivith  a  feather 
some  freshly  shed  blood.  Note  that  threads  of  fibrin  collect 
on  the  feather,  and  that  the  remaining  part  of  blood 
(corpuscles  and  serum)  remains  liquid. 
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VII.  Circulation  of  Blood  in  Web  of  Frog's  Foot. 

Cut  out  a  small  Y-shaped  piece  from  one  end  of  aflat  piece 
of  ivood,  such  as  the  lid  of  a  cigar  box.  Make  a  small  calico 
bag  just  large  enough  to  hoU  a  frog.  Put  a  frog  in  it,  except 
one  leg,  and  firmly  tie  to  board  by  means  of  tap)e.  Gently 
extend  the  leg,  and  fix  the  foot  over  the  V  slit  by  means  of 
jneces  of  thread  tied  to  the  toes  at  one  end,  and  at  the  other 
wound  round  pins  stuck  in  the  board.  Examine  the  web 
under  the  microscope,  siqjpmiing  the  board  by  books,  &c. 
Note  the  circulation  in  the  web  (p.  98),  which  should 
be  gently  on  the  stretch,  and  kept  damp  with  normal 
salt  solution  (f  per  cent).  The  frog-bag  should  be  kept 
wet  with  water. 

VIII.  Respiration. 

1.  Movements  of  the  Thoracic  Walls. — (1) 

Open  the  abdomen  of  a  recently  killed  rabbit  so  as  to  expose 
the  diaphragm.  Lay  bare  the  trachea,  tie  a  tube  into  it,  and 
fully  inflate  the  lungs.  Note  meanwhile  the  movements 
of  the  sternum,  ribs,  and  diaphragm.  Cease  blowing,  and 
note  the  contrary  movements.  (2)  Note  the  movements 
of  your  OAvn  thorax  during  respiration.  (3)  Construct 
the  model  represented  in  fig.  12,  and  satisfy  yourself  by 
means  of  it  as  to  the  action  of  the  intercostal  muscles. 

2.  Differences  between  Inspired  and  Expired 
Air. — (1)  Breathe  on  a  mirror  or  polished  metal  surface. 
Note  the  film  of  moisture.  (2)  Prove  the  piresence  of 
carbon  dioxide  in  expired  air.  Cp.  p.  110.  (3)  Pour  a 
little  strong  sulphuric  acid  on  some  form  of  organic  matter, 
e.g.  a  p)iece  of  white  papier.  Note  the  blackening  that 
occurs.  (4)  Breathe  through  a  fairly  long  glass  tube  into  a 
small  quantity  of  strong  sulpihuric  acid  p>laced  in  a  beaker. 
Note  the  blackening  which  takes  place,  o-sving  to  the 
presence  of  organic  matter. 

IX. — Nitrogenous  Excretion. 

1.  Structure  of  Sheep's  Kidney .—{!)  Bemm-e  fat, 
&c.    Note  hilus  and  ureter.    (2)  Cut  it  through  parallel 
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to  flatter  sides  (cp.  fig.  72).  Note  dark-red  cortex, 
striated  medulla,  urinary  pyramids,  urinary  papillae, 
pelvis.  (3)  Examine  cortex  with  lens.  Note  the  numerous 
red  dots.  These  are  Malpighian  bodies.  (4)  Examine 
with  lens  uncut  ])art  of  a  urinary  papilla.  Note  minute 
openings  of  uriniferous  tubules.  Squeeze,  and  note 
escape  of  drops  of  urine. 

2.  Urea. — As  obtainable  from  chemist.  (1)  Note  the 
slender  needle-like  crystals.  (2)  Heat  a  small  quantity  in 
a  test-tube.  Note  that  it  first  melts  and  then  gives  off 
ammonia,  recognizable  by  its  smell. 

X. — Muscle  and  Nerve. 

1.  To  Pith  a  Frog. — Place  it  under  a  tumbler  with 
a  piece  of  cotton-ivool  soaked  in  ether.  As  soon  as  it  becomes 
insensible  take  it  out,  and  holding  it  in  a  cloth  in  the  left  hand, 
bend  down  its  head  luith  the  left  forefinger.  With  the  point 
of  a  scalpel  make  a  fairly  deep,  hut  narrow,  transverse  cut 
through  skin  and  muscles  at  hack  of  skull  thus  indicated. 
Push  a  blunt  needle  forwards  through  foramen  magnum  (here 
situated  at  hack  of  skull)  and  move  it  about  so  as  to  destroy 
brain.  The  same  end  may  be  attained  by  decapitating  a 
frog  with  stout  scissors,  leaving  lower  jaw  uninjured. 

N.B. — The  preceding  should  not  be  done  in  the  pre- 
sence of  an  elementary  class. 

2.  Reflex  Action. — (1)  Take  a  pithed  or  decapitated 
frog,  and  note  the  lifeless  attitude  assumed  (p.  140).  (2) 
Pass  a  bentpin  through  lower  jaw  and  hang  up  to  retort  stand 
or  other  support.  Note  position.  (3)  Pinch  one  toe  with 
forceps.  The  leg  is  drawn  up.  (4)  Place  a  small  piece  of 
blotting-paper  soaked  in  acid  on  the  skin  of  the  hack.  Note 
the  reflex  movements  directed  to  removal  of  the  blotting- 
paper.  (5)  Destroy  the  spinal  cord  by  pushing  a  ivire  down 
neural  canal.    Reflex  actions  can  no  longer  be  set  up. 

3.  Direct  Stimulation  of  Motor  Nerves. — (1) 
Lay  the  frog  on  its  hack.  Open  it  and  turn  viscera  aside. 
Note  the  posterior  spinal  nerves  as  white  cords  running 
along  the  back  of  the  body.    Pinch  them  2vith  forceps. 


186 


ELEMENTARY  PHYSIOLOGY. 


Note  movements  produced.  (2)  Lay  the  frog  on  its  front. 
Skin  one  thigh.  Carefully  separate  muscles.  Note  the 
large  sciatic  nerve  of  the  leg  running  close  to  the  femur. 

Carefully  dissect  away  muscles  of  the  thigh,  taking  care  not  to 
injure  the  nerve.  Gut  through  nerve  as  near  body  as  possible. 
Note  movement  which  follows.  Dissect  out  nerve  without 
dragging  or  touching  it,  by  clearing  away  surrounding  connect- 
ive tissue.  Cut  across  femur  and  fix  its  cut  end  in  a  letter 
clip  (such  as  may  be  had  for  Id.).  Fio:,  clip  so  that  leg  is 
horizontal  and  nerve  hangs  down.  Pin  a  stiff  slip  of  paper  to 
foot.  (3)  Pinch  end  of  nerve.  Note  movement.  (4)  Cut 
off  pinched  part  of  nerve  and  let  the  end  dip  into  a  icatch-glass 
containing  saturated  salt  solution.  Note  movements  gradu- 
ally set  up.  (5)  Remove  salt  solution,  and  cut  away  nerve. 
Note  result.  (6)  3'Iake  a  muscle-nerve pn-epiaration  (cp.  p.  133 
and  fig.  78).  Fix  stump  of  femur  in  clip,  andjMss  one  of  the 
smallest  sized  fish-hooks  through  the  loiver  tendon.  Load  the 
gut  of  the  hook  with  one  or  two  small  spilit  shot.  Stimulate 
the  nerve  as  in  3,  (3)  and  (4).  Note  twitching  of  the 
muscle  which  results.  These  may  be  made  more  obvious 
by  fixing  a  straw  fibre  to  the  gut  in  a  horizontal  position. 
The  muscle-nerve  preparation  must  be  kept  damp  by 
normal  salt  solution  applied  with  a  camel-hair  brush. 

XL— Touch. 

1.  Acuteness  of  the  Sense  of  Contact. — With 
a  pair  of  blunted  compasses,  the  ends  of  which  have  been  var- 
nished, and  a  good  scale  of  inches  and  fractions  test  the  rela- 
tive sensitiveness  (p.  147)  to  contact  of  different  parts. 

2.  Temperature  Sense. — (I)  Procure  a  small  cojjper 
rod  about  six  inches  long,  and  sharpen  it  at  one  end  to  a  blunt 
point.  Dip  in  hot  water  and  gently  apply  the  jJoint  here  and 
there  to  back  of  wrist  and  other  parts  of  body.  Note  that  at 
certain  "hot  spots"  the  sensation  of  Avarmth  is  much 
keener  than  elsewhere.  (2)  Determine  in  similar  way  that 
*'cold  spots"  exist. 
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XII.  — Taste. 

1.  Prepare  solutions  of  quinine  (strong),  sugar  (5  per 
cent),  common  salt  (10  per  cent),  and  acetic  acid  (1  per 
cent),  and  by  means  of  small  camel-hair  brushes  apply  them 
successively  to  different  parts  of  the  tongue.  Note  differences 
in  sensations  experienced  (p.  149). 

2.  Perform  experiment  with  sugar-crystal  described  on 
p.  149. 

XIII.  — Smell. 

Eat  a  piece  of  onion,  holding  the  nose  at  the  same  time. 
Note  its  comparative  "tastelessness"  under  these  condi- 
tions (p.  149). 

XIY.— Hearing, 
Try  the  tuning-fork  experiment  described  on  p.  156. 

XV.— Sight. 

1.  Dissection   of  Sheep   or  Bullock's  Eye 

(under  water). — (1)  Remove  muscle,  fat,  &c.  Note  optic 
nerve,  sclerotic,  cornea,  iris,  pupil.  (2)  Remove  cornea. 
Note  escape  of  aqueous  humour.  Examine  iris.  (3) 
With  the  handle  of  a  scalpel  gently  separate  sclerotic  from 
underlying  structures  for  lialf  an  inch  all  round.  Cut  away 
the  part  so  separated.  Note  the  ciliary  muscle  as  a  pale 
band  at  the  outer  margin  of  the  iris.  (4)  JVith  a  sharp 
razor  divide  the  eye  into  front  and  back  halves.  (5)  Note 
escape  of  jelly-like  vitreous  humour,  surrounded  by 
hyaloid  membrane.  (6)  In  back  half  (cp.  fig.  94)  note 
blind  spot  and  yellow  spot.  (7)  Peel  away  retina,  which 
will  be  seen  as  a  delicate  soft  membrane.  Note  that  it 
adheres  closely  at  blind  spot.  (8)  Note  pigmented  choroid 
thus  exposed.  Peel  it  aivay,  and  note  sclerotic.  (9)  In 
front  half  (cp.  fig.  93)  note  ciliary  processes  and  lens 
in  its  capsule.  (10)  Remove  lens,  and  note  its  elasticity. 
(11)  Peel  away  coats  as  before. 
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2.  Formation  of  Image — Remove  sderoik  from  mrt 
of  the  hack  of  afresh  eye.  Fix  eije  in  a  tube  of  black  pa'per, 
and  direct  cornea  to  window.  Note  inverted  picture  of 
external  objects  seen  on  back  of  eye. 

3.  Accommodation.— (1)  Try  candle-flame  image  ex- 
periment^ (p.  165)  on  another  person.  Note  that  when  a 
near  object  is  looked  at  the  second  image  alters  its  shape 
and  the  pupil  gets  smaller.  (2)  Hold  up  one  finger  a  little 
way  in  front  of^  your  face.  Note  that  you  cannot  see 
both  it  and  distant  objects  clearly  at  the 'same  time. 
Note  also  the  sense  of  effort  experienced  as  you  look 
from  distant  objects  to  it. 

4.  Blind  Spot. — Try  experiment  given  on  p.  167, 
with  pairs  of  marks  of  different  sizes,  shapes,  and  distances 
apart. 

5.  Narrowing  of  Iris  in  Near  Vision. —ifo/f/ 
up  a  pin  before  the  face  and  look  at  it  with  one  eye.  Note  that 
when  held  very  near  its  image  is  blurred.  Prick  a  pin- 
liole  in  a  ptiece  of  card  and  look  at  p>in  through  it.  Note  that 
it  can  be  held  much  nearer  than  before  tcithout  hliLrring  of 
image  (cp.  p.  66). 

XVI.  — Histology. 

1.  Use  of  Compound  Microscope. — (Fig.  100.) 
Consists  of  a  stand  supj)orting  a  tubular  body  into  the 
ends  of  which  lenses  are  fitted.  The  upjDer  lenses  are 
contained  in  a  movable  eye-piece,  the  lower  ones  in  an 
objective,  which  screws  on  and  off.  The  object  to  be 
examined  is  placed  on  a  glass  slide  and  genei-ally  covered 
with  a  very  thin  piece  of  glass,  i.e.  a  cover-slip.  The 
horizontal  plate  projecting  from  the  stand  is  the  stage, 
on  which  the  slide  is  supj)orted.  It  has  a  hole  in  its 
centre  through  which  light  can  be  directed  by  means  of 
a  mirror  placed  below  it.  The  amount  of  light  can  be 
regulated  by  a  diaphragm,  revolving  below  the  stage, 
and  perforated  by  holes  of  different  size.  Eye-pieces  and 
objectives  are  termed  low  or  high  according  to  the 
amount  they  magnify.    The  higher  the  eye-piece  the 
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shorter  it  is  and  the  smaller  its  upper  lens.  The  higher 
the  objective  the  smaller  its  lens.  Adjustment  to  the 
rio-ht  distance,  or  focussing,  is  effected  (1)  by  twistmg 
the  tube  up  and  down  in  its  sheath.  This  is  the  coarse 
adjustment;  (2)  _  by 
means  of  the  fine  adjust- 
ment, worked  by  a  screw 
at  the  top  of  the  stand. 
The  following  points  are 
of  great  importance: — 
(1)  Keep  the  lenses  clean 
by  means  of  a  piece  of 
wash-leather  or  old  silk 
handkerchief.  (2)  Use 
low  power  first.  ( 3 ) 
Use  a  small  hole  of  dia- 
phragm when  working 
Avith  high  power.  (4) 
Focus  by  twisting  tube 
down  till  objective  is 
close  to  cover-glass,  then 
look  through  eye-piece 
and  slowly  twist  up 
tube  till  object  is  seen. 
Lastly,  use  line  adjust- 
ment. 

The  microscope  recom- 
mended is  Leitz's  small 
one,  represented  in  fig. 
100,  and  supplied  for 
£3,  12s,  6d.,  carriage 
paid,  by  Mr.  Chas. 
Baker,  244  High  Hol- 
born.  It  possesses  high 
and  low  eye-pieces,  high 
and  low  objectives,  and  is  contained  in  a  mahogany  box. 

2.  Reagents. — The  ones  required  for  the  purposes  of 
this  book  are  as  follows.  They  are  best  kept  in  1  oz. 
bottles,  provided  with  corks  in  which  pieces  of  glass  rod 


Fig.  100. — Leitz's  Student's  Microscope. 

1,  Stand ;  2,  eye-piece ;  3,  body ;  4,  body-tube ; 
5,  objective ;  6,  stage ;  7,  mirror ;  8,  fine  ad- 
justment. 
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are  fixed.  (1)  Normal  {i.e.  |  per  cent)  solution  of  commoii 
salt.  Fresh  tissues  are  to  be  examined  in  this.  (2)  Weak 
glycerine,  i.e.  half  glycerine,  half  water.  Tissues  that 
have  been  preserved  in  alcohol,  &c.,  are  to  be  examined 
in  this.  (3)  Acetic  acid  (1  per  cent).  Dissolves  granules 
and  brings  nucleus  into  view.  (4)  Eosin  solution  (5  per 
cent).  Can  be  replaced  by  red  ink.  Stains  different  parts 
to  diff"erent  extent  and  helps  to  bring  very  transparent 
structures  into  view. 

3.  Blood. — (1)  Prick  your  finger  and  j^lace  a  drop  of 
blood  on  a  slide.  Put  on  a  cover-glass  hy  resting  one  edge  on 
slide  and  gently  loivering  ivith  needle.  Under  microscope 
note  (2)  the  enormous  number  of  red  corpuscles,  the 
shape  of  which  may  be  made  out  as  they  roll  over,  (3)  a 
much  smaller  number  of  rather  larger  white  corpuscles, 
seen  as  rounded  bodies.  (4)  As  the  blood  coagulates  note 
that  the  red  corpuscles  adhere  together  in  rolls  (fig.  54). 
(5)  Mount  a  very  small  quantity  of  blood  in  a  mixture  of  acetic 
acid  and  eosin.  Note  a  deeply-stained  particle,  the  nucleus, 
in  each  white  corpuscle.  Nothing  of  the  kind  can  be  seen 
in  the  red  corpuscles. 

4.  Epithelium. — A,  Squamous.  (1)  Scrape  the  inside 
of  the  cheek  icith  the  handle  of  a  scalpel.  Mount  some  of 
the  scrapings  in  normal  salt  solution.  Note  the  flat  nu- 
cleated cells  (fig.  45).  (2)  Bun  in  a  little  acetic  acid  by 
placing  a  drop  of  it  on  one  side  of  the  cover-glass  and  a  frag- 
ment of  blotting-pap)er  on  the  other.  The  nucleus  becomes 
more  distinct.  (3)  Run  in  a  drop  of  eosin,  and  after  two 
minutes  follow  by  glycerine.  Cells  have  stained,  the  nuclei 
most  intensely.  (4)  Examine  pirepared  sp)ecimen  of  cast 
skin  of  frog  or  newt.  Note  nucleated  cells  united  by  their 
edges.  (5)  Examine  prepared  section  of  skin.  Note  that 
the  epidermis  consists  of  numerous  layers  of  cells  (fig.  83). 
B,  Columnar.  (1)  Gently  scrape  with  a  scalpel  the  inner 
surface  of  a  piece  of  rabbit's  small  intestine  which  has  been  cut 
open  and  pinned  out  in  30 per  cent  alcohol  for  24  hours.  Tease 
out  {i.e.  tear  up  with  mounted  needles)  on  slide  in  drop  of 
glycerine.  Cover  and  examine.  Note  cells  (fig.  42).  (2) 
Pain  in  eosin  and  follow  up  with  more  glycerine.  Note 
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staining,  especially  of  nuclei.  (3)  Examine  prepared 
section  of  small  intestine.  Note  villi  covered  by  layer  of 
columnar  epithelium.  C,  Ciliated.  (1)  Scrape  roof  of 
mouth  of  freshly-killed  frog.  Gently  tease  up  in  drop  of  nor- 
mal salt  solution.  Note  in  clumps  and  isolated  the  broad 
ciliated  cells  with  active  cilia.  (2)  Treat  as  in  A,  (3).  (3) 
Slit  open  trachea  of  just-killed  rabbit.  Gently  scrcLpe  interior 
and  tease  scrapings  in  normal  salt  solution.  Note  columnar 
ciliated  cells  (fig.  67).  (4)  Treat  as  in  A,  (3).  D,  Glandular. 
(1)  Scrape  the  surface  of  liver  of  just-killed  frog  or  rabbit. 
Tease  in  normal  salt  solution.  Note  the  nucleated  liver- 
cells  with  squarish  or  polygonal  outlines  (fig.  49).  (2) 
Examine  prepared  section  through  cardiac  end  of  stomach. 
Note  gastric  glands  (p.  43).  (3)  Examine  pre.pared^  sec- 
tion of  pancreas.  Note  the  tubules  cut  across  in  various 
directions  and  presenting  circular,  oval,  &c.,  outlines. 
Note  the  large  nucleated  cells  with  squarish  outlines,  by 
which  tubules  are  lined.  E,  Sensory.  {\)  Examine  pre- 
pared section  of  retina.    Note  rods  and  cones  (fig.  95). 

Good  prepared  slides  at  a  reasonable  price  can  be 
obtained  from  H.  Meller,  anatomist,  2  Churchill  Street, 
Stockport  Eoad,  Manchester. 


CHAPTEK  XII. 

DIGESTION  IN  THE  OX  AND  COW— SECRETION  OF  MILK. 

The  main  principles  of  digestion  and  the  processes  by 
which  it  is  succeeded  are  the  same  for  an  ox  or  cow  as  for 
a  man,  and  these  principles  have  already  been  explained 
at  some  length  in  the  preceding  part  of  the  book.  The 
food  of  an  ox  contains,  as  before,  nitrogenous  substances 
(proteids),  and  non  -  nitrogenous  substances  (carbo- 
hydrates, fats,  salts,  and  water),  which  are  subjected  to 
mechanical  and  chemical  action  within  the  alimentary 
canal,  and  thereby  reduced  to  a  fit  state  for  absorption 
into  the  blood-vessels  and  lacteals, — in  other  words  are 
digested.    The  difference  between  man  and  the  ox  as 
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regards  digestion  lies  in  this,— the  former  lives  most 
conveniently  on  a  mixed  diet,  while  the  latter  is  entirely 
herbivorous,  and  as  a  result  the  arrangement  and  struc- 
ture of  the  digestive  organs  are  by  no  means  similar  in 
the  two  cases. 
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Fig.  101.— Crowu  of  Grinder  in  Ox. 
[After  Bos.] 

cm.  Cement  (dotted) ;  d,  dentine  (shaded  with 
lines);  e,  enamel  (represented  black). 


As  in  all  animals  which  live  exclusively  on  vegetable 
food  the  alimentary  canal  is  extremely  long,  the  intestine 
alone  being  some  twenty  times  the  length  of  the  body. 

This  results  from  the  fact 
that  vegetable  food  is  very 
bulky,  and  takes  a  long 
time  to  digest,  while  at 
the  same  time  a  very 
large  absorptive  surface  is 
required  in  order  to  en- 
sure the  extraction  of  all 
the  digested  matter.  The 
regions  of  the  digestive 
tube  are, — mouth,  pha- 
rynx, gullet,  stomach, 
small  intestine,  and  large 
intestine.  Salivary  glands,  liver,  and  pancreas  are  pre- 
sent, as  in  man. 

Mouth. — The  mouth  opening  is  situated  at  the  end 
of  a  broad  bare  muzzle,  and  the  upper  lip  is  short.  The 
cavity  of  the  mouth  is  large,  and  much  elongated  from 
before  l^ackwards  in  accordance  with  the  length  of  the 
jaws,  which  are  comparatively  weak.  As  compared  with 
man  the  most  striking  differences  are  found  in  the  tongue 
and  teeth.  The  large  tong'ue  is  pointed  in  shape,  and 
its  surface  is  rough  owing  to  the  presence  of  numerous 
backwardly  directed  sharp-pointed  papillae.  As  to  the 
teeth,  upper  incisors  and  canines  are  entirely  absent, 
their  place  being  taken  by  a  hard  elastic  pad  against 
which  the  lower  incisors  and  canines^  bite.    The  back 

'  These  canines  are  reckoned  as  the  outermost  incisors  in  most  veterinary 
worlcs. 
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teeth  possess  flat-ridged  cioaatis  adapted  for  grinding. 
They  are  of  the  kind  known  as  "  composite ",  i.e.  the 
enamel  layer  is  folded  into  the  tooth  as  represented  in 
fig.  101,  forming  projecting  ridges,  the  valleys  between 
which  are  filled  up  with  cement.    The  dental  formula  is 


0-0 
3^ 


c.  — 


0-  0 

1-  1 


p.m.  = 


3-3 
3-3 


VI..  ■■ 


.3-3 
3^ 


=  32. 


Well-developed  submaxillary,  sublingual,  and  parotid 
salivary  glands 
open     into  the 
mouth-cavity. 

Pharynx  and 
Gullet.  —  The 
mouth  opens  be- 
hind into  a  large 
pharynx,  and  this 
again  is  continued 
into  a  long  gullet 
Avhich  traverses  the 
neck  and  thorax, 
pierces  the  dia- 
phragm, and  is  suc- 
ceeded by  the  sto- 
mach. 

The  Stomach 
(fig.  102)  is  rela- 
tively of  enormous 
size,  being  capable 
of  holding  some  55 
gallons  of  food,  and, 
as  in  all  animals 
which  ruminate  or 
"chew  the  cud",  is 
of  very  complex  nature.  It  consists  (see  fig.  102)  of  four 
sub-divisions,  as  follows :-(l)  the  paunch  (rumen),  a 
large  bag  {pa. )  with  a  capacity  equal  to  ^\  that  of  the  entire 
stomach.  Its  mucous  membrane  is  raised  into  numerous 
papillae,  and  it  communicates  hj  a  large  opening  with 


Fig.  ]02.-Stomach  of  Sheep,  Exterior  and  Interior. 

!7,  gullet. 
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(2)  the  honey-comb  bag  (reticulum),  the  smallest  compart- 
ment (ret.),  -which  receives  its  name  from  the  fact  that  the 
mucous  membrane  which  lines  it  is  raised  up  into  folds 
arranged  like  the  cells  of  a  honey-comb.  A  very  small 
aperture  connects  the  cavity  of  the  reticulum  with  that 
of  (3)  the  manyplies  (psalter,  omasum)  (j;s.),  so  named 
because  its  mucous  membrane  presents  -very  numerous 
flattened  folds,  something  like  the  leaves  of  a  book.  (4) 
The  rennet  stomach  (reed,  abomasum)  (r.  st),  lined  by 
mucous  membrane  raised  into  folds  which  are  transverse 
at  the  upper  end  and  longitudinal  in  the  middle. 

The  first  three  chambers  may  be  regarded  as  the 
dilated  lower  end  of  the  gullet,  which  they  resemble  in 
the  fact  that  they  are  lined  by  stratified  pavement 
epithelium.  The  superficial  cells  of  this  epithelium 
constitute  a  horny  layer.  The  mucous  membrane  lining 
the  last  chamber  resembles  that  of  the  human  stomach, 
for  it  is  covered  by  simple  columnar  epithelium,  and 
numerous  gastric  glands  are  imbedded  in  it.  Such 
glands  are  entirely  absent  from  paunch,  honey-coml> 
bag,  and  manyplies. 

Intestines. — The  small  intestine  is  a  relatively 
narrow  (^  to  f  of  an  inch)  much  convoluted  tube,  about 
150  feet  long,  following  the  rennet  stomach,  which 
communicates  with  it  by  a  pyloric  opening.  Its  mucous 
membrane  is  raised  into  innumerable  villi.  As  in  man 
the  small  intestine  communicates  by  a  valvular  opening 
with  the  much  wider  large  intestine,  which  is  from  30 
to  40  feet  long,  and  is  divided  into  caecum,  colon,  and 
rectum,  the  first  of  which  is  from  2  to  3  feet  in  length. 
As  might  be  anticipated,  the  intestines  are  packed  into 
the  abdominal  cavity  in  a  way  diflfering  in  many  details 
from  that  already  described  for  man. 

The  liver  is  a  large  compact  brown  organ  placed^  in 
the  front  part  of  the  abdominal  cavity  and  abutting 
upon  the  right  half  of  the  diaphragm. 

A  gall-bladder  is  present.  The  bile-duct  opens  into 
the  duodenum  2  feet  or  more  beyond  the  pylorus. 

The  pancreas  is  a  broad  flattened  gland,  situated  in 
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the  loop  of  the  duodenum  and  pouring  its  secretion 
into  the  small  intestine  by  means  of  a  pancreatic  duct, 
opening  about  1  j  inches  beyond  the  bile-duct,  and  thus 
contrasting  v^nth.  the  arrangement  found  in  man  (p.  70). 

PROCESSES  OF  DIGESTION  IN  THE  OX. 

Reception  of  Food. — The  rough,  highly  mobile 
tongue  plays  a  very  important  part  in  grazing,  seizing 
the  herbage  and  drawing  it  into  the  mouth,  where  it  is 
divided  by  the  incisors  and  canines  of  the  lower  jaw, 
which  bite  against  the  hard  pad  that  takes  the  place  of 
upper  incisors.  The  tongue  also  assists  in  drinking, 
acting  as  a  kind  of  piston  by  which  water  is  pumped 
into  the  mouth. 

Digestion  in  the  Mouth. — In  all  animals  which, 
like  the  ox,  "  chew  the  cud "  or  ruminate,  the  food  is 
chewed  twice  i.e.  (1)  when  taken  into  the  mouth  from 
the  exterior,  and  (2)  when  returned  to  the  mouth  as 
"  cud "  after  having  been  macerated  for  some  time  in 
the  paunch.  The  first  che"\\4ng  is  very  rapid,  the  grass, 
&c.,  being  swallowed  after  it  has  been  subjected  to  two 
or  three  strokes  of  the  grinding-teeth.  The  second 
chewing,  on  the  contrary  ("chewing  the  cud"),  is  pro- 
longed, and  it  has  been  estimated  that  during  the  24 
hours  an  ox  spends,  on  the  average,  3  hours  in  actual 
feeding  and  5  in  rumination.  During  the  latter 
operation  a  characteristic  attitude  is  assumed,  the 
animal  lying  a  little  to  one  side  with  legs  bent  up  under 
it.  Two  things  connected  with  digestion  in  the  mouth 
are  specially  noteworthy,  (a)  the  action  of  teeth,  (b)  the 
action  of  the  saliva,  (a)  Action  of  the  Teeth. — The  Avay  in 
which  the  incisors  are  used  has  already  been  noticed. 
The  grinders  act  like  millstones,  serving  to  crush  and 
break  down  the  food,  while  during  this  operation  the 
tongue  and  cheeks  help  to  mix  up  the  food,  so  as  to 
ensure  thorough  mastication.  An  efficient  millstone  is 
not  of  the  same  hardness  throughout,  hnt  wears  away 
unequally,  and  is  consequently  kept  rough.    A  similar 
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purpose  is  served  by  the  presence  of  three  distinct 
materials  of  different  degrees  of  hardness  in  the  grind- 
ing teeth  of  the  ox,  for  these  materials  (enamel,  dentine, 
cement,  fig.  101)  are  ground  down  at  different  rates,  and 
consequently  the  crowns  of  the  teeth  are  kept  irregular. 
During  this  process  of  chewing  the  jaws  work  from  side 
to  side,  not  in  a  perfectly  symmetrical  way,  but  in  a 
one-sided  manner,  for  a  number  of  strokes  are  given, 
say,  from  left  to  right,  after  which  the  direction  Avill  be 
reversed,  then  follows  a  return  to  the  first  direction, 
then  a  reversal,  and  so  on.  The  joints  between  the  con- 
dyles of  the  lower  jaw  and  the  skull  are  comparatively 
loose  in  correspondence  with  the  nature  of  these  side-to- 
side  movements.  The  condyles  are  convex  from  before 
backwards  and  slightly  concave  from  side  to  side,  and 
the  surfaces  against  which  they  play  are  of  corresponding 
shape. 

{b)  Action  of  the  Saliva. — As  in  the  case  of  man  the 
secretion  has  both  a  mechanical  and  chemical  action 
(p.  72),  but  it  is  here  of  greater  physiological  import- 
ance, for  salivary  digestion  very  largely  takes  place  in 
the  paunch  and  honey-comb  bag  as  well  as  in  the  mouth. 
About  a  hundredweight  of  saliva  is  secreted  during  the 
24  hours,  something  like  f  of  this  enormous  quantity 
being  poured  into  the  mouth  while  feeding  and  rumina- 
tion are  going  on  (8  hours).  The  reason  for  increased 
flow  of  saliva  at  these  times  is  found  in  the  fact  that  the 
secretion  is  stimulated  by  the  presence  of  food  in  the 
mouth,  and  by  the  movements  of  the  jaws. 

Digestion  in  the  Stomach. — The  food,  Avhen  first 
swallowed,  passes  for  the  most  part  into  the  paunch,  but 
also,  to  some  extent,  into  the  honey-comb  bag,  which  also 
has  the  special  function  of  storing  liquid.  It  then 
undergoes  a  slow  process  of  churning  to  and  fro  between 
these  two  chambers  of  the  stomach,  and  meauAvhile  the 
saliva,  with  which  it  is  soaked,  exerts  a  softening  and 
dissolving  action.  The  next  process  is  the  one  so 
characteristic  of  ox,  sheep,  goat,  and  related  animals, — 
i.e.  rumination,  or  "  cheAving  the  cud",  in  which  portions 
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of  the  softened  and  partly-digested  food  are  returned  to 
the  mouth,  and  there  masticated  more  thoroughly,  while, 
at  the  same  time,  the  saliva  continues  to  act  upon  them. 
This  return  of  the  food  to  the  mouth  is  brought  about 
as  a  result  of  reflex  nervous  action  (p.  134)  by  contrac- 
tion of  the  paunch  and  reticulum,  diaphragm,  and 
muscular  walls  of  the  abdomen.  It  can  only  take 
place  when  the  stomach  is  distended  by  food,  and  may 
be  compared  to  vomiting.  The  contraction  of  the 
parts  named  forces  a  rounded  "  bolus "  of  food  into 
the  lower  end  of  the  gullet,  the  muscular  wall  of 
which  contracts  so  as  to  carry  the  bolus  back  into  the 
mouth.  This  upward  passage  may  readily  be  noted 
in  an  animal  engaged  in  rumination  during  the  pauses 
when  the  chewing  action  ceases.  After  the  second 
prolonged  chewing  the  food  is  once  more  swallowed,  and 
those  parts  of  it  which  are  finely  divided  pass  along  a 
muscular  oesophageal  groove  running  from  the  lower  end 
of  the  gullet  to  the  manyplies,  which  acts  as  a  kind  of 
strainer  preventing  any  but  small  particles  from  entering 
the  fourth  chamber  or  abomasum.  It  is  only  then  that 
true  gastric  digestion  by  means  of  the  gastric  juice  takes 
place,  in  the  way  described  earlier  (p.  74).  There  is 
nothing  in  human  digestion  to  parallel  the  processes 
taking  place  in  the  paunch,  reticulum,  and  manyplies, 
which  are,  as  it  were,  extra  parts  of  the  digestive  ap- 
paratus. 

Digestion  in  the  Intestines. — This  resembles,  in 
essential  respects,  the  corresponding  processes  taking 
place  in  the  human  intestines  (p.  75),  the  chief  chemical 
agents  being  the  bile  and  pancreatic  juice. 

ABSORPTION  OF  DIGESTED  FOOD. 

As  a  result  of  the  mechanical  and  chemical  agencies  to 
which  it  is  subjected  in  the  mouth,  gullet,  stomach,  and 
intestines,  a  considerable  part  of  the  food  is  either  dis- 
solved, as  in  the  case  of  proteids,  sugar,  and  starch,  or 
reduced  to  a  fine  state  of  division,  as  is  the  case  wiih. 
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fats.  The  final  upshot  is  the  same  as  in  man,  i.e.  the 
digested  proteids,  sugar,  and  starch  are  absorbed  into 
the  capillaries  of  the  alimentary  canal,  while  the  digested 
fats  pass  into  the  lacteals,  and  ultimately  reach  the  blood 
system  by  way  of  the  thoracic  duct  (see  pp.  76-78). 

FOOD. 

In  dealing  Avith  questions  relating  to  the  feeding  of 
any  particular  farm  animal,  it  must  be  remembered  that 
a  considerable  part  of  the  fodder  is  indigestible,  and 
passes  out  of  the  body  in  the  dung.  If,  for  example, 
meadow  hay  is  taken  as  the  standard  food  for  horned 
stock,  the  chemical  analysis,  regarded  by  itself,  would  be 
very  misleading.  It  is  necessary  to  supplement  it  by 
other  figures  giving  the  proportions  of  the  digestihle  con- 
stituents, as  in  the  following  statement  ^  regarding 
meadow  hay  of  average  quality: — 


Chemical  Composition. 

Digestible 
Constituents. 

Water. 

Ash. 

Albumi- 
noids. 

Woody 
fibre. 

Carbo- 
hydrates. 

Fats. 

Albumi- 
noids. 

Carbo- 
hydrates. 

Fats. 

14-3 

6-3 

9-7 

26'3 

41-4 

2-5 

5-4 

40-7 

10 

It  is  found  convenient  to  express  the  relation  between 
the  digestible  constituents  by  what  is  known  as  the 
"albuminoid  ratio",  which  is  obtained  as  follows: — 

Carbohydrates  +  (Fats  x  2|) 
Albuminoids 


Thus,  for  average  meadow  hay,  the  ratio  is — 
40-7 +  (1-0x21)  ^  43;2  ^        ^^^^  ^^jj^  expressed  1  :  8, 

5-4  5"4 
where  1  stands  for  the  digestible  albuminoids  taken  as 
unity  and  8  for  the  digestible  carbohydrates  and  fats 
calculated  with  reference  to  this.    For  different  animals, 

1  Taken  from  Wolff. 
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and  for  different  aims  the  necessary  albuminoid  ratio 
differs,  as  appears  from  the  following  figures  — 

Oxen  taking  no  exercise, 

J,       „      moderate  exercise, 
Fattening  oxen,  1st  period, 
„          „     2nd  „ 
„     3rd  „ 
Milch  Kine,   

A  ratio  is  ivide  {e.g.  1  :  12)  when  the  proportion  of 
albuminoids  is  small,  narroio  {e.g.  1:5-4)  when  it  is  large. 
Taking  the  last  example  for  further  consideration,  it 
appears  that  the  hay,  of  which  the  analysis  is  given  above, 
does  not  contain  a  sufficient  quantity  of  albuminoid 
matter  to  keep  milch  kine  in  a  proper  condition,  and  it 
would  be  necessary  to  supplement  it  with  richer  food, 
such  as  oil-cake.  It  has  been  shown  by  a  large  number 
of  experiments  that  to  maintain  the  ratio  1  :5"4  in  the 
feeding  of  milch  kine,  it  is  necessary  to  give  the  follow- 
ing daily  amounts  of  albuminoids,  &c.,  for  every  1,000 
lbs.  live  weight  ^ : — 


Total  Organic 

Digestible  Matter. 

Substance. 

Albuminoids. 

Carbohydrates. 

Fats. 

Total. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

24-0 

2-5 

12-5 

0-40 

15-40 

As  might  be  expected  these  proportions  are  those 
actually  found  in  good  meadow  grass,  which  is,  there- 
fore, a  sufficient  food  in  itself,  but  the  same  end  may  be 
gained  by  using  various  mixtures,  which  can  be  easily 
calculated  when  the  kinds  and  quantities  of  the  digestible 
components  of  the  food-stuffs  employed  are  known. 

1  Taken  from  Wolflf. 


1 

12-0 

1 

7-5 

1 

6-5 

1 

5-5 

1 

6-0 

1 

5-4 
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MILK. 

Physical  and  Chemical  Characters.  —  Milk  is 
an  opaque  opalescent  liquid  which,  when  seen  in  thin 
layers,  is  of  a  bluish  colour .  It  has  an  alkaline  reaction,  is 

sweetish  to  the  taste,  and  pos- 
sesses a  characteristic  odour. 
When  examined  under  the 
microscope  (fig.  103)  it  is  found 
to  consist  of  innumerable  fat- 
globules  floating  in  a  liquid 
plasma,  and  having  an  average 
diameter  of  -g-yVxr  inch. 
Milk  is,  in  fact,  a  natural  emul- 
sion (see  p.  76),  consisting  as  it 
does  of  finely-divided  fat  sus- 
pended in  a  liquid.  A  pint 
of  milk  contains  more  than 
500,000  millions  of  such  fat- 
globules.  Placed  in  a  row  these 
would  stretch  about  8  miles. 

The  average  percentage  che- 
mical composition  of  milk  is  as 
follows : — 


II 


Fig.  103.— Milk  (I),  an  colostrum 
(II),  much  maguifiecl.  The  dotted 
bodies  iu  II  are  colostrum  corpuscles. 


Water,  ... 

Solids,  consisting  of — 

1.  Albuminoids  (chiefly  casein), 

2.  Carbohydrates  (milk-sugar), 

3.  Fats,   

4.  Inorganic  Salts, 


87-0 

4-0 
4-6 
3-7 
0-7 

 13-0 


100-0 


The  casein  present  in  the  milk  plasma  forms  a  denser 
layer  round  each  fat-globule,  constituting  a  sort  of  enve- 
lope. This  can  be  broken  down  by  shaking  up  the  milk 
with  caustic  potash  or  acetic  acid,  and  if  after  this  ether 

1 A  very  volatile  liquid  which  possesses  in  a  marked  degree  the  power  of 
dissolving  fat  or  oil. 
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is  added  it  can  get  at  the  fat  and  readily  dissolves  it, 
whereas  when  shaken  up  Avith  fresh  milk  not  thus 
treated  it  has  no  effect.  The  experiment  is  considered  to 
prove  the  presence  of  investments  to  the  fat-globules,  but 
these  coverings  must  not  be  thought  of  as  firm  sldns. 
Owing  to  the  relative  lightness  of  the  fat-globules  they 
rise  to  the  surface  when  milk  is  allowed  to  stand,  and 
make  up  a  large  part  of  the  cream. 

Rennet,  which  is  prepared  from  the  fourth  division  of 
the  calf's  stomach,  contains  the  ferment  rennin,  and  when 
added  to  milk  this  ferment  causes  the  separation  of  the 
curd,  which  mainly  consists  of  casein.  A  similar  process 
takes  place  in  the  human  stomach  as  the  first  stage  in 
the  digestion  of  milk  (p.  75), 

It  will  be  seen,  from  the  preceding  chemical  analysis, 
that  milk  contains  representatives  of  all  the  essential 
food-constituents,  and  these  are  in  the  proportion  neces- 
sary to  constitute  a  perfect  food  for  the  young  calf,  as 
indeed  follows  from  the  nature  of  the  case.  The  albu- 
minoid ratio  (taking  the  whole  as  digestible)  is  easily 
calculated  to  be  about  1:  3'4.  A  sucking  calf  does  not 
ruminate,  in  fact  the  first  three  chambers  of  its  stomach 
are  only  slightly  developed,  and  digestion  is  carried  on 
much  in  the  same  way  as  in  a  human  being  (p.  74). 
Such  a  calf  is  obviously  incapable  of  feeding  on  grass, 
hay,  and  the  like. 

Structure  of  the  Udder  (fig.  1G4).  —  The  cow's 
udder  consists  of  four  milk  or  mammary  glands,  each 
provided  Avith  its  own  separate  teat.  The  four  glands 
are  bound  together  by  a  firm  sheath  of  connective  tissue, 
which  is  continued  into  a  firm  vertical  partition  or  sep- 
tum which  separates  the  glands  of  opposite  sides.  The 
same  kind  of  tissue  divides  less  clearly  the  front  gland 
on  each  side  from  the  corresponding  back  gland,  and 
enters  into  the  glandular  substance  as  a  supporting 
framework  traversed  by  blood-vessels,  nerves,  and  lym- 
phatics. Each  gland  chiefly  consists  of  a  very  large 
number  of  branched  tubules  (somewhat  on  the  plan  of 
fig.  47,  6),  the  twigs  of  which  terminate  blindly  in  small 
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swellings  placed  to  one  side  (some  of  these  are  seen  at  t 
fig.  104),  and  lined  by  a  single  layer  of  glandular  epi- 
thelium.   By  the  successive  union  of  these  tubules  larger 


Fig.  104.-Structure  of  Udder.  [After  Thanhoffer.] 

One  teat  and  part  of  adjacent  gland  are  cut  throupth.  01,  Glandular  tissue ;  r,  blind 
endings  of  milk  tubules;  d,  openings  of  large  milk  ducts  into  milk  cistern,  Cst.;  t, 
folds  in  large  milk  ducts;  Spit,  sphincter  muscle,  cut  through;  Hk.  skin  of  teat; 
£x.  opening  of  teat-cavity  to  the  exterior. 


"milk- ducts"  are  constituted  which  open  into  a  good- 
sized  "milk-cistern"  situated  at  the  base  of  the  teat. 
This  cavity  narrows  below  to  a  small  hole,  which  is 
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usually  kept  closed  by  a  sphincter  or  ring-muscle  (SjyJi.), 
and  below  this  again  is  another  cavity  opening  to  the 
exterior  by  a  narroAV  passage  which  runs  to  the  end  of 
the  teat  (Ex.). 

Secretion  of  Milk.  —  The  milk-glands  are  not 
merely  to  be  regarded  as  arrangements  by  which  certain 
materials  are  strained  out  of  the  blood.  The  milk- 
tubules  are  very  closely  surrounded  by  a  network  of 
capillary  blood-vessels,  and  constitute  a  filtering  apparatus 
so  far  as  the  water  contained  in  milk  is  concerned.  But 
that  a  great  deal  more  than  simple  filtration  takes  place 
follows  from  the  fact  that  casein,  milk-sugar,  and  butter- 
fat  are  not  present  in  blood,  while  there  are  considerable 
differences  between  the  two  liquids  as  regards  the  inor- 
ganic salts,  milk  containing,  for  example,  far  less  sodium 
chloride  than  blood,  but  being  much  richer  as  regards 
potash  compounds.  In  short,  the  protoplasm  of  the 
glandular  cells  which  line  the  blind  ends  of  the  milk- 
tubules  breaks  down  into  the  simpler  chemical  substances, 
casein,  milk-sugar,  butter-fat,  &c.,  which  are  therefore 
produced  much  in  the  same  way  as  the  pepsin  of  gastric 
juice  or  the  ptyalin  of  saliva.  But  in  this  case  there  is 
not  only  a  chemical  breaking-down  of  protoplasm,  but 
also  a  disintegration  of  the  cells,  which,  so  to  speak,  are 
constantly  "moulting".  For  this  reason  milk  has  l3een 
termed  "dissolved  milk-gland",  using  the  expression 
somewhat  metaphorically.  An  interesting  proof  of  this 
is  found  in  the  nature  of  colostrum,  the  fluid  which  is 
secreted  by  the  milk-glands  just  after  the  birth  of  the 
calf,  and  which  differs  a  good  deal  from  milk  in  composi- 
tion. If  a  drop  of  this  is  examined  under  the  microscope 
(fig.  103,  II)  it  will  be  found  to  contain  not  only  milk 
globules  but  also  larger  bodies,  colostrum  corpuscles — 
some  spherical,  some  irregular — which  are  obviously 
discarded  cells.  The  constant  breaking-down  which 
takes  place  in  a  milk-gland  is  counterbalanced  by  a 
corresponding  process  of  renewal  and  reconstruction, 
the  materials  for  which  are  supplied  by  the  blood. 

During  milking  the  sphincter  muscle  of  the  teat  is 
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relaxed  as  the  result  of  reflex  action,  so  that  the  milk 
can  flow  out  of  the  milk  cistern.  It  has  also  been  com- 
monly assumed  that  a  large  amount  of  milk  is  actually 
secreted  during  milking,  as  another  result  of  reflex  action. 
The  main  argument  in  favour  of  this  view  has  been  that 
the  cavities  of  the  glands  are  not  large  enough  to  contain 
the  amount  of  milk  actually  yielded  at  one  time.  It 
must  be  remembered,  however,  that  these  organs  are 
very  elastic  and  capable  of  great  distension,  besides  which 
careful  experiments  recently  made  do  not  support  the 
usual  view. 

Factors  Influencing  the  Amount  and  Quality 
of  Milk. — In  this  connection  (1)  the  breed  is  of  very 
great  importance,  determining  as  it  does  the  tendency  of 
the  glands  to  secrete  a  greater  or  less  total  quantity,  and 
to  produce  milk  more  or  less  rich  in  butter-fat,  &c.  (2) 
Diet.  The  essential  point  is  that  the  food  should  be 
rich  in  albuminoids,  the  most  favourable  ratio  being  1:  5*4 
(p.  199).  It  is  quite  a  mistake  to  suppose  that  an  in- 
creased percentage  of  butter-fat  in  the  milk  results  from 
giving  more  fat  or  oil  with  the  food.  Careful  experi- 
ments made  on  the  feeding  of  cows  show  that  if  anything 
the  tendency  is  the  other  way.  From  what  has  already 
been  said  on  the  secretion  of  milk  it  follows  that  the 
fat  of  the  food  does  not  pass  as  such  into  the  milk,  a 
fact  which  enables  the  experiments  quoted  to  be  more 
clearly  understood.  A  reasonable  amount  of  water  taken 
Avith  the  solid  food  increases  the  secretion  of  milk,  and  a 
favoiu-able  influence  is  also  exerted  by  common  salt,  of 
which  from  i  to  |  of  an  ounce  may  with  advantage  be 
given  daily  to  each  cow.  (3)  The  state  of  the  general 
health  naturally  exerts  an  important  influence  upon  the 
production  of  milk,  for  all  the  organs  of  the  body  are 
more  or  less  interdependent.  It  is  therefore  a  matter  of 
practical  importance  to  secure  the  health  of  cows  not 
only  by  feeding  them  properly  but  also  by  attending  to 
ventilation,  cleanliness,  and  other  matters  of  the  kind. 
Some  interesting  experiments  made  as  to  the  eflTect 
exerted  by  proper  care  of  the  coat  may  be  taken  as  an 
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illustration.  The  amount  and  quality  of  milk  yielded 
by  a  number  of  cows  were  carefully  determined  for  two 
periods  of  a  fortnight  each,  no  attention  being  paid  to 
the  coat  during  one  period,  while  during  the  other  it 
was  carefully  brushed  and  currycombed  every  day.  In 
the  latter  case  the  yield  of  milk  was  considerably  greater, 
and  there  was  a  distinct  increase  in  the  percentage  of 
butter-fat.  As  might  be  anticipated,  the  yield  is  dimin- 
ished by  exercise,  the  amount  of  which  should  not,  there- 
fore, be  increased  beyond  that  actually  necessary  for  the 
maintenance  of  health.  (4)  The  quantity  and  quality 
are  not  constant  throughout  the  period  of  milk-yielding 
or  lactation.  The  maximum  quantity  is  secreted  during 
several  weeks  after  the  birth  of  the  calf,  and  then  a 
gradual  diminution  takes  place.  At  the  same  time  the 
proportion  of  albuminoids  gradually  increases  while  the 
proportion  of  sugar  and  butter-fat  diminishes.  For 
English  cattle  the  average  period  of  lactation  is  250 
days,  during  which  time  about  2652  quarts  of  milk  are 
secreted,  i  (5)  Time  of  milking.  The  morning  milk  is 
poorer  in  solids  than  the  evening  milk,  while  that  ob- 
tained at  noon  is  richer  than  either.  In  other  words,  the 
longer  milk  remains  in  the  udder  the  poorer  it  is  in 
quality,  though  at  the  same  the  quantity  is  greater. 
Experiment  has  also  shown  that  three  milkings  per  day 
are  more  advantageous  than  two,  the  total  yield  being 
greater  and  the  percentage  of  butter-fat  higher. 


1  Schmidt-Miilheini. 


INDEX. 


pl.  =  plural. 


Abdomen,  lo,  12,  15,  16,  61,  62,  69, 
93,  102,  106;  of  rabbit,  171,  172,  173, 
184. 

Absorption,  chap.  iv. ;  of  digested  food, 
76,  80,  112,  197,  198;  of  oxygen, 
16,  80,  112. 

Accommodation  of  eye,  164,  188. 

Acetabulum,  37. 

Acid,  49,  117,  132,  135;  acetic,  180, 
187,  190,  200;  carbonic,  see  Carbon 
dioxide;  hydrochloric  [or  muriatic), 
18,  74,  108,  180,  181;  nitric,  179;  sul- 
phuric, 52,  53,  184;  tastes,  149. 

Acuteness  of  sense  of  contact,  147,  186. 

"Adam's  apple",  26,  103. 

Adjustments  of  microscope,  i8g. 

Afferent,  131,  132. 

Air,  48,  51,  52,  53,  60,  105,  106,  107, 
112,  113,  114;  cell,  104;  comple- 
mental,  107;  expired,  107,  110,  126, 
184;  inspired,  J07,  110,  184;  passages, 
106,  II I ;  residual,  107;  sac,  104,  105, 
III,  112,  113;  supplemental,  107; 
tidal,  106,  107,  111. 

Albumin,  55. 

Albuminoid  ratio,  198,  199,  201,  204. 
Albuminoids,  198,  199,  200,  204,  205; 

and  see  Proteids. 
Alimentary  canal,  15,  56,  63,  73,  77; 

of  ox,  192;  of  rabbit,  172,  173,  174- 

176. 

Alkali,  49,  117. 
Alkaline  tastes,  149. 
Alveolus,  68. 

Ammonia,  115,  116,  179,  185. 
Ammonium  carbonate,  115. 
Ampulla,  157. 
Amylolytic,  73. 
Amylopsin,  75. 

Analysis,  47,  108;  of  hay,  198;  of  milk, 

200;  and  see  Composition. 
Anatomy,  8. 

Animal,  7,  53,  54;  diet,  78;  matter  of 

bone,  ig. 
Ankle,  10,  20,  41,  44. 
Anvil,  154. 

Appendages,  of  auricles,  86,  181. 
Arachnoid  membrane,  128. 
Arbor  vitse,  137,  178. 


Arch;  of  aorta,  93,  176,  177;  of  cranium, 
22;  of  foot,  39;  of  lower  limb,  38; 
neural,  28;  zygomatic,  24. 

Arm,  10,  41;  arm-pit,  123. 

Artery,  80,  87,  95,  96,  97,  98,  100,  112, 
124;  aorta,  88,  90,  92,  93,  120,  173, 
176;  dorsal  aorta,  93,  173;  carotid, 
93,  97,  174,  177;  coronary,  93,  94,  183; 
iliac,  93;  pulmonary,  88,  89,  90,  92, 
93,  112,  176,  181,  182;  of  rabbit, 
172,  173,  i74>  177;  renal,  120;  of 
sheep,  181,  182,  183;  subclavian,  93. 

Articulation,  see  Joint. 

Ash,  55,  198. 

Asphyxia,  113. 

Atlas,  28,  41. 

Atom,  48,  54. 

Atomic  theory,  48. 

Auricle,  86,  87,  88,  89,  90,  91,  92,  181, 

182,  183. 
Auricular  septum,  86,  182. 
Auriculo-ventricular  opening,   86,  8° 

90,  182. 
Automatic  actions,  140. 
Automatic  nerve-centre,  141. 
Axis;  vertebra,  29,  41 ;  of  brain,  135, 

136,  178. 

Back,  9,  122;  "broken",  134;  of  foot, 

147;  of  hand,  147. 
Backbone,  see  Vertebral  column. 
Baker,  C,  170,  189. 
Bean,  55. 
Beat,  90. 
Beating,  92. 

Belly,  see  Abdomen;  of  a  muscle,  42, 
72'. 

Biconvex  lens,  161,  162. 
Bicuspid  teeth,  58. 
Bile,  75,  76,  197;  salts,  75. 
Biology,  7,  8. 
Bitter  tastes,  149. 
Black-lead,  48. 

Bladder,  76;  gall,  69,— of  rabbit,  173, — 

of  ox,  194;  urinary,  16,  ii8. 
Bleeding,  83. 

Blind  spot,  160,  166,  167,  187,  188, 
Blood,  15,  55,  65,  77,  80,  8i,  83,  84,  86, 
89,  91,  92,  94,  95,  96,  112,  120,  128, 
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183,  190;  corpuscles,  81,  igo;  impure 
(venous),  87,  88,  112,  113,  141;  pure 
(arterial),  87,  88,  112,  113;  system, 
80,  81;  vessels,  14,  15,  17,  18,  42,  56, 
59,  63,  69,  76,  77,  80,  84,  85,  92,  95, 
loi,  102,  141,  142,  159,  160,  170,  172, 
173,  174,  176,  201,  203. 
Blow-pipe,  170. 

Body;  composition  of,  55;  of  vertebra.  28 
Bone,  17,  47,  55;  compact,  18,  19,  25. 
composition  of,  18;  earth,  55;  physical 
properties  of,  19,  25;  spongy,  18,  19, 
25- 

Bones;  astragalus  (buckle),  39;  atlas, 
28,  41;  axis,  29,  41;  calcaneum  (heel), 
39;  carpus  (wrist),  22,  35,  41;  clavicle 
(collar),  20,  30,  33;  coccyx,  27;  cranial, 
22,  24;  ethmoid  (consisting  of  cribri- 
form plate,  vertical  plate,  and  lateral 
mass  divided  into  upper  and  middle 
turbinated  bones),  24,  150;  facial,  25; 
femur,  17,  20,  37;  fibula,  20,  38;  flat, 
20;  frontal,  22;  hip  girdle,  36;  humer- 
us, 20,  34,  41:  hyoid,  26,  72;  innomi- 
nate, 20,  36;  irregular,  20;  lachrymal, 
25;  as  levers,  41;  limb,  33,  36;  long, 
20;  malar,  25;  maxillary  (upper  and 
lower),  25;  metacarpus,  22,  36,  41; 
metatarsus,  22,  39;  nasal,  25;  occipi- 
tal, 23,  41;  palate,  25;  parietal,  22; 
patella,  20,  38;  pelvis,  37,  44;  pha- 
langes, 22,  36,  39;  radius,  20,  34,  41; 
ribs;  20,  27,  30,  31,  92,  105,  184; 
sacrum,  27;  scapula  (shoulder  blade), 
20,  33;  shoulder  girdle,  33;  sphenoid, 
24;  inferior  spongy  (turbinated),  25, 
150;  sternum  (breastbone),  20,  30,  31, 
105,  184;  tarsus  (ankle),  22,  39;  tem- 
poral (divided  into  mastoid,  petrous, 
and  squamous  parts),  23,  71,  72,  152, 
154,  155;  tibia  (shin),  20,  38:  turbin- 
ated (of  rabbit;,  17S;  ulna,  20,  34,  35; 
vertebrae,  27,  28,  60;  vomer,  25;  zy- 
goma, 24;  zygomatic  arch,  24,  71,  72. 

Brain,  131,  133,  134,  135-142.  '43.  M^, 
150,  156;  axis  of,  135,  136;  functions 
of,  139-142;  mid,  136,  139,  141,  166: 
outgrowths  from,  137,  139;  of  rabbit, 
177,  178;  'twixt,  136,  137,  139,  141. 

Bread,  78,  79,  80. 

Breed  of  cows,  204. 

Brimstone,  see  Sulphur. 

Bronchial  tubes,  104,  iii. 

Bronchus  (//.  bronchi),  102,  103;  of 
rabbit,  177. 

Bullock's  eye,  187. 

Burroughs,  Wellcome,  &  Co.,  179,  180, 
-  181. 

Butter-fat,  200,  201,  203,  204,  205. 

Csecum,  62,  6s  ;  of  ox,  194  ;  of  rabbit, 
172. 

Calcium  (Ca),  55. 


Calf,  181,  201,  205. 

Camera,  162,  163,  164. 

Canal;  alimentary,  15,  56,  63,  73,  77,  — of 

ox,  192, — of  rabbit,  172,  173,  174-176; 

central  canal  of  spinal  cord,  129,  136; 

Haversian,    18;    neural,    127,  131; 

spinal,  28. 
Candle,  51,  53,  109,  165,  188. 
Canine  teeth,  56;  of  ox,  193,  195. 
Capillaries,  77,  80,  93,  94,  95,  97,  98, 

105,  III,  112,  119,  120,  198,  203. 
Capsule  of  lens,  161,  187. 
Carbohydrates,  54,  55,  56,  79,  94,  124, 

19S,  199,  200. 
Carbon,  48,  53,  54,  55,  78,  79,  108,  112, 

113,  115;  dioxide,  48,  49,  51,  87,  101, 
107,  108,  109,  110,  Tii,  114,  184. 

Cardiac  cycle  revolution),  90,  91. 

Cardiac  end  of  stomach,  60,  191. 

Cardiac  impulse,  92,  183. 

Care  of  coat,  in  cows,  204,  205. 

Carnivorous  animals,  54. 

Cartilage,  17,  18,  40,  47,  95,  177;  pro- 
perties of,  19. 

Cartilages;  costal,  30;  cricoid,  103; 
thj'roid,  102;  of  trachea  and  bronchi, 
103. 

Casein,  55,  75,  200,  201,  203. 

Cat,  8,  26,  140. 

Cauda  equina,  130. 

Caustic  potash,  200. 

Cavity;  abdominal,  117,  172,  194;  body 
or  ventral,  12,  81;  dorsal,  11,  127, 
128;  glenoid,  24,  26,  33;  mouth,  see 
Mouth;  nasal,  25,  56,  60,  71,  74,  106, 

114,  145,  149,  151,  158;  pelvic,  63; 
of  pharynx,  60;  pulp,  59;  of  cows 
teat,  202;  thoracic,  loi,  173;  of  trunk, 
11;  tympanic,  153,  154,  i55.  156,  178- 

Cell,  64,  67,  83;  auditory,  155,  156,, 157: 
central  (chief),  66;  goblet,  65;  liver, 
70,  191;  nerve,  129,  142,  160;  olfactory. 

150,  151;  parietal,  66;  sense,  144,  148. 

151.  155;  taste,  148;  visual  rods  and 
cones),  160,  166,  167,  191. 

Cement,  60;  in  teeth  of  ox,  193,  196. 
Central  organs,  17,  127. 
Centrum,  28. 

Cerebellum,  137:  of  rabbit,  178,  179. 
Cerebral  convolutions,  138. 
Cerebral  hemispheres  ;cerebrum\  137, 
138,  139,  141,  142;  of  rabbit,  177,  178. 
Chalk,  55,  108.  . 
Chamber;  of  eye,  159;  posterior  nasal, 

175.  178. 
Charcoal,  48,  51,  53,  54- 
Cheeks,  57,  71,  147;  of  ox,  195. 
Cheese,  54,  55.  78- 

Chemistry,  48,  108,  169;  organic,  53: 

physiological,  179-181. 
Chest,  10. 

Chewing,  see  Mastication. 
Child,  19,  143.  146- 
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Chin,  72. 

Chlorine  (CI),  55- 

Chordae  tendineae,  87,  182. 

Choroid,  159,  164,  165,  187. 

Chyle,  76,  78. 

Chyme,  74,  75- 

Cilium  (//.  cilia),  105,  191. 

Circulation,  15,  chap,  v.,  183;  course  of 
the,  92;  in  frog's  foot,  184;  greater 
{or  systemic),  93;  lesser  [or  pulmon- 
ary), 93;  proofs  of  the,  97. 

Circulatory  organs,  15,  chap,  v.,  126. 

Classes  of  levers,  43,  45. 

Cleanliness,  204. 

Clot,  83. 

Clothes,  124. 

Clotting,  see  Coagulation. 
Clouds,  108. 

Coagulation;  of  blood,  83,  84,  183. 
Coats  ;  of  blood-vessels  ;  of  eye,  159, 

187,  188;  of  intestine,  63;  of  stomach, 

65,  176. 
Cochlea,  157. 

Cold,  132;  cold-blooded  animals,  133; 

cold  spots,  186. 
Colds,  152. 

Colon,  62,  63,  65;  of  ox,  194;  of  rabbit, 
172. 

Colostrum,  203. 

Coloured  pencils,  170. 

Columnse  carneae,  89,  182. 

Columns  of  spinal  cord,  129. 

Combustion,  51,  53,  109,  125. 

Compasses,  186. 

Composite  teeth,  193. 

Composition;  of  air,  108;  of  inspired 
and  expired  air,  110  ;  of  body,  47  ; 
of  food,  47,  78;  of  hay,  198;  of  milk, 
200;  of  sweat,  123;  of  urine,  115. 

Compound,  48. 

Concha,  10,  153,  155. 

Condyle;  of  lower  jaw,  26, — in  ox,  196; 
occipital,  23,  44,  72. 

Cones,  see  Cells,  visual. 

Consciousness,  143. 

Contact,  131,  144,  14s,  146,  147,  186. 

Contractility,  14,  41,  72,  73,  105. 

Contraction,  14;  of  muscles,  see  Con- 
tractility. 

Convulsions,  114,  134. 

Cornea,  159,  165,  187,  188. 

Comn  (//.  cornua);  anterior  and  pos- 
terior cornua,  129. 

Corpus  callosum,  138. 

Corpuscles;  blood,  81,  84;  colostrum, 
203;  red,  81,  82,  83,  98,  101;  touch, 
145;  white  {or  colourless),  8t,  83,  84, 

98,  lOI. 
Correlation,  16,  127. 
Cortex;  of  cerebellum,  137;  of  cerebrum, 

138, 142,  144,  15s,  167;  of  kidney,  118, 

119,  I20,  185. 
Coughing,  74,  114,  140. 

(  M  26  ) 


Coughs,  152. 

Cover-slips,  188,  190. 

Cow,  Digestion  and  Secretion  of  Milk 

in,  chap.  xii. 
Cranium  (brain-case),  9,  .20;  bones  of, 

22, 

Cream,  201. 
Cremation,  55. 
Crown  of  tooth,  59. 
Cricoid  cartilage,  103. 
Crura  cerebri,  136. 

Cud,  195,  T96,  197;  chewing  the  cud, 

see  Rumination. 
Curd,  75,  181. 

Cutting  teeth,  see  Incisor  teeth. 

Death;  general,   126,  127,  133,  140; 

local,  125. 
Decapitation,  133. 
Decomposition,  chemical,  49,  124. 
Deglutition,  see  Swallowing. 
Dentine,  59;  in  teeth  of  ox,  193,  196. 
Dentition,  58. 

Dermis,  14,  121,  122,  123,  145. 
Diagrams,  171. 
Dialyzer,  76,  179,  180. 
Diamond,  48,  53. 

Diaphragm,  12,  60,  69,  '84,  102,  105,  130, 
172,  173,  176,  184,  194;  of  microscope, 
i88,  T89. 

Diastole,  91;  auricular,  91;  ventricular, 
91,  98. 

Diet,  78-80,  192;  of  cows,  204. 
Differentiation,  13. 

Diffusion,  76,  77,  80,  iii,  112,  179,  180, 
181.  _ 

Digestible  fodder  constituents,  198. 
Digestion,  14;  chap.  iv.  179-181;  in  cow 

and  ox,  chap,  xii.;  in  the  intestine,  75; 

in  the  mouth,  71;  nature  of,  57;  in  the 

stomach,  74. 
Digestive  organs,  15,  chap,  iii.;  of  cow 

and  ox,  chap,  xii.;  of  rabbit,  174-176. 
Digit,  10,  II,  36. 
Diploe,  25-. 

Disc,  intervertebral,  28. 

Dissecting  dish,  170. 

Dissection,  8,  170,  171;  of  eye,  187,  188; 

of  rabbit,  171-178;  of  sheep's  heart, 

181-183. 
Distal,  34. 

Distribution  of  heat,  126. 

Division  of  labour,  13,  127,  140. 

Dog,  8,  26,  140. 

Dorsal,  9. 

Drawing,  170,  171. 

Drinking,  in  ox,  193. 

Drum  of  ear,  see  Cavity,  tympanic. 

Duct,  66;  bile  (of  rabbit),  176,— (of  ox\ 
194,  195;  common  bile,  70;  cystic, 
70;  hepatic,  6g,  71;  lachrymal,  25; 
pancreatic,  70, 71, — of  ox,  195, — of  rab- 
bit, 1^;  parotid,  68;  sublingual,  68, 
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175;  submaxillary,  68,  175;  of  sweat- 
gland,  122;  tear,  158;  thoracic,  loi, 
198. 
Dung,  198. 

Duodenum,  61,  70,  71;  of  ox,  194,  195; 

of  rabbit,  176. 
Dura  mater,  128,  177. 
Dust,  151. 
Dyspnoea,  114. 

Ear,  10,  23,  24,  67;  external,  153;  in- 
ternal, 154-157;  middle,  153,  154;  of 
rabbit,  178. 

Education,  144. 

Eggs,  54,  55,  78;  white  of  egg,  179,  180. 
Elasticity;  of  arteries,  98;  of  lungs,  106. 
Elbow,  34,  40,  41,  45. 
Electric  current,  131,  132. 
Elements,  48. 

Emulsion,  75,  76,  77,  181,  200. 
Enamel,  60;  in  teeth  of  ox,  193,  196. 
Endolymph,  154. 
End-organs,  see  Cells,  sense. 
Energy,  14,  16,  114;  kinetic  (sr  actual), 
14,  125;  potential  (or  stored),  14,  125. 
Eosin,  J90. 

Epidermis,  14,  64,  95,  121,  122. 

Epiglottis,  60,  74;  of  rabbit,  175.  _ 

Epithelium,  64,  65,  77,  80,  95;  ciliated, 
105,  191;  columnar,  104,  190,  194; 
glandular,  66,  70,  no,  120,  121,  191, 
194,  202;  sensory,  145,  148,  151,  155, 
191;  simple,  95,  105,  119;  squamous, 
105,  190;  stratified,  67,  121,  122,  148, 
151,  190,  194. 

Erect  position,  127. 

Ether,  185,  200;  of  space,  162. 

Eustachian  tube,  60,  154,  156;  of  rabbit, 

175- 

Excentric  reference  of  sensations,  146. 
Excretion,  16,  81;  chap,  vii.,  184,  185. 
Excretory  organs,  81,  121,  184,  185. 
Exercise,  124,  205. 

Expiration,  32,  105,  106,  107,  no,  114. 
Extension,  41. 

Eye,  114,  157-168;  eye  of  rabbit,  178; 

eye  of  sheep  (or  bullock),  187,  188; 

socket,  see  Orbit. 
Eyeball,  158-161. 
Eyebrow,  157. 

Eyelash,  157-  ,    , ,  . 

Eyelid,  147,  i57.  158;  of  rabbit,  178. 
Eyepiece  of  microscope,  188,  189. 

Face,  9,  22,  139. 

Faeces,  57,  126. 

Fainting,  127,  143. 

Fang  of  a  tooth,  59. 

Fasciculus  [pi.  fasciculi),  42. 

Fat,  47,  54.  55.  56,  73.  75,  76,  77-78.  79, 
94,  100,  123,  124,  158,  182,  184,  i«7, 
198,  199,  200,  201,  203,  204,  205;  emul- 


sification  of,  181;  globules  of  milk, 
200,  201,  203. 
Fatigue,  144. 

Feeding  of  stock,  198,  199. 

Fehling's  solution,  179,  180. 

Fenestra;  ovalis,  155;  rotunda,  155,  156 

Ferment,  72,  73,  74,  75,  76,  84,  180,  181. 

Fermentation,  72,  73,  74,  75,  76,  84. 

Ferrous  sulphate,  113. 

Fibre;  afferent  nerve,  131,  141;  efferent 
nerve,  131;  motor  nerve,  131,  132; 
muscle,  42;  nerve,  129,  130,  131;  sen- 
sory nerve,  132,  144,  145;  woody,  198. 

Fibrin,  55,  83,  84,  181,  183;  ferment,  84. 

Fibrinogen,  84. 

Filum  terminale,  128. 

Finger,  11,  36,  39,  121,  122,  145,  147. 

Fissures  of  spinal  cord,  128. 

Flavours,  149,  152. 

Flesh,  see  Muscle. 

Flexion,  41. 

Flexure,  sigmoid,  62. 

Flour,  55. 

Flow  of  blood,  rate  of,  97. 

Fluid;  cerebro-spinal,  128;  synovial,  40. 

Fodder,  198,  199. 

Fog,  108. 

Food,  15;  chap,  iii.,  71,  72,  73,  74,  78, 
125;  chemical  classification  of,  54,  78; 
composition  of,  47;  mineral,  54,  55, 
56.  73.  79;  of  stock,  198,  199;  tube, 
see  Canal,  alimentary. 

Foot,  10,  44,  45,  121,  122,  145. 

Foot-pound,  92. 

Foot-ton,  126. 

Foramen  (//.  foramina) ;  intervertebral, 
28,  130;  magnum,  22,  23,  128;  nutri- 
tive, 18. 

Forceps,  170:  bone,  170. 

Forearm,  10,  41,  42,  45. 

Formula;  chemical,  49;  dental,  58, — of 
ox,  193. 

Fragrant  smells,  151. 

Fritsch,  Dr.,  170. 

Frog,  98,  133,  135.  »37.  139.  ^40,  141. 

142,  183,  184,  185,  191. 
Front,  9. 

Fulcrum,  43.  ,  ,      ,  , 

Functions,  7;  general  sketch  of,  13. 

Gall,  see  Bile. 

Ganglion  (//.  ganglia),  131;  spmal,  130; 

sympathetic,  127,  142, 174;  vagus,  174. 
Gas,  76,  151. 

Gastric  juice,  66,  74.  75.  181,  182,  197. 
Gelatin,  55. 

Gilbert  Williams,  H.  W.,  171. 
Ginger-beer,  48. 

Girdle,  20;  hip,  20;  shoulder,  20. 

Gland,  64.  65,  67,  68;  ductless,  loi; 
gastric  (peptic),  66,  191;  of  Lieber- 
kuhn,  63,  65;  lymphatic,  loi;  mesen- 
teric, loi;  milk  (mammary)  gland  ot 
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cow,  201-204;  parotid,  67,  174:  sali- 
vary, 67,  68,— of  ox,  193,— of  rabbit, 
174;  sebaceous,  121;  sublingual,  68; 
submaxillary,  68,  174;  sweat,  122, 
124;  tear,  158;  thymus,— of  rabbit, 
173,  176. 
Globin,  112. 

Glomerulus  [pi.  glomeruli),  119,  120. 
Glottis,  60,  74,  102,  103,  106,  114;  of 

rabbit,  175. 
Glucose  (grape-sugar),  179. 
Gluten,  55. 

Glycerine,  180,  181,  190. 
Glycerinum  pepticum,  180. 
Goat,  196. 
Graphite,  48,  53. 
Grass,  199,  201. 
Grazing,  74,  195. 

Grey  matter,  131;  of  bram,  136,  137, 
138,  142,  155,  166,  178;  of  spinal  cord, 
129,  134,  135. 

Grinding  teeth,  71;  of  ox,  193,  195, 196. 
See  also  Premolar  and  Molar. 

Gristle,  see  Cartilage. 

Growth,  15,  18. 

Gullet  (ossophagus),  15,  60,  61,  63,  67, 

73;  of  ox,  193;  of  rabbit,  173,  175. 
Gum,  55. 
Gums,  57,  58. 
Gymnema  sylvestre,  149. 

Hsematin,  112. 

Hasmoglobin,  82,  112,  113;  oxy-,  iia, 

113;  reduced,  112,  114. 
Hair,  14,  95,  121;  auditory,  155,  156; 

sac,  121. 
Hammer  (malleus),  154. 
Hand,  10,  42,  121,  122,  131,  14s,  147. 
Hartshorn,  spirits  of,  116. 
Haversian  canals,  18. 
Hay,  198,  199,  201. 

Head,  9,  20,  130,  145;  of  femur,  37;  of 
fibula,  38;  of  humerus,  34;  of  radius, 
34:  of  tibia,  38;  of  ulna,  35. 

Health  of  cows,  204. 

Hearing.  17,  139,  144,  152-157,  187. 

Heart,  80,  84,  85,  86,  loi,  102,  105,  114, 
119,  127,  IJ9,  140;  external  charac- 
ters of,  88;  interior  of,  88,  90;  of  rab- 
bit, 173,  176,  183;  of  sheep,  181-183; 
work  of,  92. 

Heat,  16,  108,  114;  animal,  chap,  viii., 

131.  132- 
Heel,  II,  39,  45. 
Herbivorous  animals,  54. 
Hilus,  118,  119,  120,  184. 
Hip,  10,  II,  38,  41. 
Histology,  8,  188-191. 
Honeycomb  bag  (reticulum),  194,  196, 

197. 

Hot  spots,  186. 

Humours,  aqueous  and  vitreous,  161, 
163,  167,  187. 


Hydrogen,  48,  49,  52,  S3.  S4i  SS.  "2. 
115,  116. 

Ileum,  61,  65. 

Illusions,  147.  ,  . 

Image;  formation  of  image  in  eye,  162. 

163,  188;  mirror,  9. 
Incisor  teeth,  58,  68,  71;  of  OX,  193, 

195-  , 
India-rubber,  180. 
Inhibition,  142. 

Injury  to  blood-vessels,  97,  112. 
Inorganic  salts;  of  milk,  200,  203. 
Insensible  perspiration,  123. 
Insertion  of  a  muscle,  43. 
Inspiration,  31,  105,  106,  107,  no,  114. 
Intelligence,  140,  142. 
Intestinal  juice,  75,  76. 
Intestine,  15,  56,  63,  67,  69,  77,  80,  94, 

100;  large,  15,  61,  62,  64,  65, — of  ox,. 

194,  197, — of  rabbit,  172,  176;  small, 

15,  61,  63,  64,  65,  191. 
Iodine,  179. 

Iris,  159,  160,  165,  187,  188. 
Iron  (Fe),  55,  112. 
Iter,  136. 

Ivory,  see  Dentine. 

Jaw,  9,  22,  24,  68,  71,  72,  196. 
Jejunum,  61. 

Joints,  17,  19,  40,  41;  ankle,  41,  44;-. 
ball-and-socket,  34,  38,  41;  elbow,  34, 
40.  41.  45,  177;  hinge,  26,  29,  35,  38, 
40:  double  hinge,  41;  hip,  11,  38,  41;. 
imperfect,  40;  knee,  38,  41;  lower- 
jaw,  71,  72,  196;  oil,  40;  perfect,  40; 
pivot,  41;  shoulder,  11,  34,  41,  177;. 
synovial,  40. 

Kidney,  15,  16,  115,  117,  118,  119;  of 

rabbit,  172,  173;  of  sheep,  184,  185. 
Knee,  38,  41;  pan  (patella),  38. 

Labyrinth ;  bony,   157;  membranous, 

Lactation,  m  cow,  205. 
Lacteals,  75,  77,  78,  100,  101,  198. 
Larynx,  60,  102,  114,  139;  of  rabbit, 
174. 

Lavender,  151. 

Leg,  10,  44,  45;  movements  of,  41. 

Legumin,  55. 

Leitz  microscope,  189. 

Lens,  162,  163,  164,  168;  of  eye,  161, 

163,  164,  165,  167,  168;  hand,  170;  of 

microscope,  188,  189. 
Lentil,  5. 
Letter-clip,  186. 

Leucocyte,  see  Corpuscle,  white. 
Lever,  20,  43,  44,  45,  72. 
Ligament,  17,  42,  47;  check,  29;  liga- 
mentum  nuchae,  30,  47;  round  (liga- 
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xnentum  teres),  38^  suspensory  liga- 
ments of  eye,  i6t,  164;  transverse,  29. 

Light,  159,  162,  163,  165,  166,  167. 

Limbs,  10,  II,  130. 

Lime;  carbonate  of,  55,  108,  109;  phos- 
phate of,  55,  58;  slaked,  116;  water, 
109,  110. 

Limestone,  108,  109. 

LiP^'.  57.  147;  of  ox,  192. 

Ljquids,  76. 

Litmus,  49,  117. 

Liver,  15,  69,  70,  94,  95, 106,  139;  of  ox, 

194;  of  rabbit,  172. 
Lobe,  69;  olfactory  lobe  of  rabbit,  177; 

optic,  136,— of  rabbit,  178. 
Lobule,  68,  70,  104. 
Long  sight,  168. 

Lungs,  15,  16,  84,  87,  93,  101,  102,  105, 
106,  110,  III,  112,  139;  of  rabbit,  172, 
173.  177.  184. 

Lymph,  80,  81,  85,  102,  112,  128;  sys- 
tem, 80,  81. 

Lymphatics,  81,  100,  123,  201. 

Malpighian  body,  119,  185. 

Malpighian  layer,  121. 

Malt,  72. 

Maltose,  72,  179. 

Manganese,  black  oxide  of,  50. 

Manyplies  (psalter,  omasum),  194,  197. 

Marble,  108. 

Marrow,  18. 

Mastication  (chewing),  26,  71;  in  ox, 

195,  ig6,  197. 
Meat,  54,  55,  78,  79,  8o_. 
Meatus,  external  auditory,  153,  155, 

156. 

Mechanics,  8,  43. 

Medulla;  of  kidney,  118,  119,  120,  185; 
oblongata,  see  Spinal  bulb. 

Meller,  H.,  169,  191. 

Membrane;  of  brain  and  spinal  cord, 
128,  177;  elastic,  95;  hyaloid,  161,  167, 
187;  mucous,  56,  57,  63,  64,  65,  66, 
67.  74,  76,  148,  150,  i8o,  793,  194; 
synovial,  40;  tympanic,  153,  154, 155, 
156,  178. 

Mercury  (Hg.),  5°- 

Mesentery,  56,  loi;  of  rabbit,  172. 

Metabolism,  chap.  viii. ;  constructive 
and  destructive,  125,  126. 

Microscope,  8,  98,  188,  189. 

Midriff,  see  Diaphragm. 

Milk,  75,  76,  78,  79,  181,  200-205;  char- 
acters of,  200,  201;  cistern,  202,  204; 
curdling  ferment  (rennin),  74,  181, 
201;  ducts,  202;  (i;^  mammary)  glands, 
201-204;  secretion  of,  203,  204,  205; 
sugar,  200,  203,  205;  tubules,  201, 
202,  203;  variations  in  quantity  and 
quality  of,  204,  205. 

Milking,  204,  205. 

Millstones,  195. 


Mineral;  food,  54,  55,  56,  73,  79;  matter 
of  bone,  19.  See  also  Ash  and  Inor- 
ganic salts. 

Mixed  diet,  79. 

Mixed  nerves,  132. 

Mixtures  of  food  for  stock,  100. 

Models,  170.  ^ 

Molar  teeth,  58. 

Molecular  vibrations,  131,  144,  150, 151, 

,  155,  167- 

Molecule,  49,  54. 

Morphology,  7,  8. 

Motor  centres,  142. 

Moulting,  of  milk-cells,  203. 

Mouth,  12,  IS,  22,  57,  68,  71,  72,  106, 

114,  139,  145;  of  ox,  192;  of  rabbit, 

175- 

Movement,  14,  134;  of  eyeball,  167, 
168;  of  heart,  183:  of  limbs,  11;  reflex, 
13s,  141;  of  respiration,  105,  127,  140, 
184;  voluntary,  142. 

Mucus,  65,  105. 

Muscle,  14,  42,  63,  96,  133,  185,  186; 
bundle  (fasciculus),  42;  fibre,  42;  in- 
voluntary (white),  46,  63,  65,  67,  73, 
95;  nerve  preparation,  89,  90,  182, 
tonic  state  of,  46;  voluntary  (red^,  46, 
S8,  67. 

Muscles,  14,  chap,  ii.,  84,  127,  130,  131, 
177;  biceps,  41;  calf  muscle  (gastro- 
cnemius), 44,  133;  ciliary,  164,  165, 
187;  of  diaphragm,  105, 172;  digastric, 
72;  expiratory,  33,  114;  extensor,  45; 
eyeball,  139,  158,  167,  168,  175;  of 
face,  139;  flexor,  48;  hollow,  84;  in- 
spiratory, 32;  intercostal,  32,  177; 
jaw,  71,  72,  139;  masseter,  71,  72; 
oblique,  168;  papillary,  89,  90,  182;  of 
pharynx,  139;  of  rabbit,  171,  172,  174, 
177,  178;  rectus,  167;  ring,  see  Spliinc- 
ter;  temporal,  71,  72;  of  tongue,  139; 
maintaining  upright  position,  46. 

Muscular  sense,  169. 

Musk,  151. 

Muzzle  of  ox,  192. 

Myosin,  55. 

Nails,  10,  14,  95,  121. 

Nares;  external  (nostrils),  150;  posterior, 

60,  74,  106,  i4g,_  175. 
Narrow  albuminoid  ratio,  199. 
Neck,  10,  12,  20,  60,  102,  103,  130,  139, 

147;  of  rabbit,  171,  174;  of  tooth,  59. 
Needles,  170. 

Nerve,  185,  186;  centre,  134,  135,  139, 
140,  141,  142,  143,  144,  155;  impulse, 
132,  133,  134,  135,  140,  144;  muscle- 
nerve  preparation,  89,  90,  182. 

Nerves,  17,  42,  59,  63,  69,  123,  127,201; 
abducent,  139;  afferent,  134,  140,166; 
auditory,  139,  153,  155,  156.  '68; 
cranial,  139,  140,  142;  efferent,  134, 
166;  facial,    139;  glossopharjTigeal, 
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139,  149:  hypoglossal,  139;  lingual, 
149;  mixed,  132,  139;  motor,  139,  185; 
oculo-motor,  139,  166;  olfactory,  139, 
150;  optic,  139,  160,  166,  167,  168, 
178,  187;  pathetic,  139;  phrenic,  130, 
173;  secretory,  124;  sensory,  139,  144, 
145,  149,  150,  153,  155;  spinal,  130, 
132,  134,  142,  145,  .178,  18s;  spmal 
accessory,  139;  sciatic,  133,  186;  sym- 
pathetic, 17,  142,  166,  174;  trigeminal, 
139.  145.  149.  151;  vagus,  139,  141, 
173,  174;  vaso-motor,  100,  124,  140. 

Nervous  system,  17,  123,  chap.  ix. ; 
central,  127;  peripheral,  127;  of  rab- 
bit, 177,  178;  sympathetic,  142,  174. 

Nitrogen,  48,  51,  52,  54,  55,  78,  79,  108, 
112,  115,  116. 

Nitrogenous  food,  54. 

Nitro-glycerine,  14. 

Non-nitrogenous  food,  54. 

Normal  salt  solution,  190,  191. 

Nose,  12,  22,  114,  139,  145,  147,  150;  of 
rabbit,  178. 

Nucleus,  64,  83,  190. 

Oatmeal,  74,  79. 

Objectives,  188,  189. 

Odours,  151. 

Oesophagus,  see  Gullet. 

Oil,  53.  55.  75j  181,  200;  cake,  199. 

Old  people,  19. 

Omasum,  see  Manyplies. 

Omnivorous  animals,  54. 

Onion,  187. 

Optic  thalamus  (//.  thalami),  136. 
Orbit,  22,  24,  25,  157,  158,  168. 
Organic  matter,  no,  113,  184. 
Organs,  7;  general  sketch  of,  13. 
Origin  of  a  muscle,  43. 
Ossicles,  auditory,  154,  155,  178. 
Otolith,  155,  i56._ 

Ox,  8,  30;  digestion  in  ox,  chap.  xii. 

Oxidation,  5,  113,  125,  126. 

Oxygen,  16,  48,  49,  50,  52,  53,  54,  55, 

87,  101,  107,  108,  110,  III,  112,  114, 

115- 

Oxy-haemoglobin,  112,  113. 
Pain,  132,  144,  168. 

Palate,  24;  hard,  25,  57,  175;  soft,  57, 

74.  150.  175- 
Palm  of  hand,  122,  145,  147. 
Pancreas,  70,  71,  94,  191;  of  ox,  194;  of 

pig,  181;  of  rabbit,  176. 
Pancreatic  juice,  75,  76,  181,  182,  197. 
Papilla   (//.  papillse);  circumvallate, 

148,  175;  of  dermis,  123,  145;  filiform, 

148,  175;  foliate,  17s;  fungiform,  148, 

17s;  of  paunch,  193;  of  tongue,  148, 

175;  urinary,  119,  185. 
Parchment,  vegetable,  76. 
Paunch  (rumen)  of  ox,  193,  195,  196, 

197. 


Pax  wax,  30. 

Peas,  55,  78. 

Pedal  of  piano,  45. 

Pelvis  of  kidney,  119,  185. 

Pendulum,  131. 

Pepsin,  74,  75,  76,  180,  181. 

Peptone,  75,  77,  181. 

Pericardium,  84,  85,  86,  102,  iig,  128; 

pericardial  fluid,  85,  176:  of  rabbit, 

173.  176;  of  sheep,  181;  pericardial 

space,  85. 
Perichondrium,  19,  47. 
Perilymph,  154,  155,  156,  157. 
Periosteum,  17,  18,  47. 
Peristaltic  action,  73,  74,  75. 
Peritoneum,  56,  63,  102,  117;  of  rabbit, 

172. 

Perspiration,  121,  123,  124,  157. 
Pharynx,  15,  60,  67,  73,  106,  149,  150, 

153;  of  ox,  193;  of  rabbit,  175. 
Phosphorus,  48,  51,  53,  54,  55!  pent- 

oxide,  51. 
Physics,  8. 
Physiology,  7,  8. 
Pia  mater,  128,  177. 
Pig,  II,  181. 

Pigment,  121,  159,  160,  163. 
Pillars  of  diaphragm,  105,  172. 
Pins,  170. 

Pithing  of  frog,  185. 
Plasma;  blood,  81,  83,  84,  113;  milk, 
200. 

Plants,  7,  53,  54. 

Pleura  (//.  pleurae),  102,  106,  128;  of 

rabbit,  174. 
Plexus,  130. 
Pluck  of  sheep,  181. 
Poker,  44. 
Pomatum,  121. 
Pores  of  skin,  122. 
Porridge,  79. 

Potash;  caustic,  2oo|  chlorate  of,  50. 
Potassium  ferrocyanide,  180,  181. 
Potatoes,  78. 

Power,  43;  levers  of  power,  45. 
Practical  work,  8,  chap.  xi. 
Premolar  teeth,  58. 

Preparation;  of  ammonia,  115;  of  car- 
bon dioxide,  109;  of  hydrogen,  52;  of 
nitrogen,  51;  of  oxygen,  50. 

Pressure,  19,  22,  30,  33,  36,  38,  39,  121, 
14s,  147;  sense,  147. 

Process;  acromial  (acromion),  33;  ar- 
ticular, 28;  ciliary,  160,  164,  187; 
coronoid,  26,  71;  odontoid,  29,  41; 
olecranon,  35;  spinous  (neural  spine), 
28;  transverse,  28. 

Pronation,  35,  41. 

Protection,  13,  121. 

Proteids,  54,  55,  56,  73,  77,  79,  82,  83, 

84,  115,  124,  179,  180,  181,  197,  198. 
Proteolytic,  75. 

Protoplasm,  64,  83,  105,  124,  125,  203. 
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Proximal,  34. 
Psalter,  see  Manyplies. 
Ptyalin,  72,  73,  75,  180. 
Pulp  of  teeth,  59,  145. 
Pulse,  100,  183;  air  pulses,  152. 
Pungent  smells,  151. 
Pupil,  159,  165,  166,  187,  188. 
Putrid  smells,  151. 
Pyloric  end  of  stomach,  6i,  66,  74. 
Pylorus,  67,  70;  of  ox,  194;  of  rabbit, 
176. 

Pyramids  of  kidney,  118,  185. 

Quicklime,  108,  109. 
Quinine,  187. 

Rabbit,  8,  ir,  17,  106,  137,  140;  dis- 
section of,  171-178. 
Radiation,  124. 
Rain,  108. 

Ramus  {//.  rami),  26,  72. 
Rapidity,  levers  of,  45. 
Rat,  183. 
Razor,  170. 

Reagents  (chemical),  179,  189,  190. 
Reception  of  food  in  ox,  195. 
Rectum,  63;  of  ox,  194;  of  rabbit,  172. 
Reduced  haemoglobin,  112,  113,  114. 
Reduction,  112,  113. 
Reflection,  163. 

Reflex  action,  134,  140,  142,  166,  185, 
197,  204;  acquired,  143;  nerve  centre, 
141. 

Refraction,  163. 

Regions;  of  body,  9;  of  limbs,  10. 
Renewal,  15. 
Rennet,  181,  201. 
Rennin,  74.  i8i,  201. 
Repair,  18. 

Respiration,  15,  51,  chap,  vi.,  140,  184; 
movements  of,  31,  105,  184;  rate  of, 
106. 

Respiratory  centre,  140,  141. 
Respiratory  organs,  15,  16;  chap.  vL, 
114. 

Reticulum,  see  Honeycomb  bag. 
Retina,  160,  166,  167,  187,  191. 
Rice,  78. 

Ridges  on  fingers,  122. 
Rods,  see  Cells,  visual. 
Root;  of  lung,  192;  of  spinal  nerve,  130, 

132,  133,  144- 
Rugae,  65. 
Rumen,  see  Paunch. 
Rumination,  193,  195,  196,  197. 

-Saccule,  157. 

;  Sal-ammoniac,  116. 

.Saliva,  67,  71,  72,  73,  180;  of  ox,  195, 

196,  197. 
Salt,  see  Sodium  chloride. 
;  Saltpetre,  149. 

iSalts,  mineral;  of  blood,  113;  of  milk, 


200;  of  sweat,  123;  of  urine,  115,  120. 

See  also  Ash  and  Food,  mineral. 
Salt  taste.s,  149. 
Sausage  skins,  179. 
Scalpel,  170. 
Schmidt-Miilheim,  205. 
Scissors,  170. 
Sclerotic,  159,  187,  188. 
Secretion,  65;  of  bile,  70,  75;  of  gastric 

juice,  66,  74;  of  intestinal  juice,  65; 

of  milk,  203,  204,  205;  of  pancreatic 

juice,  75;  of  saliva,  67,  68,  69,  72,  196. 
Seeker,  170. 

Sensation,  16,  132,  134,  140,  142,  143, 
chap.  X. 

Sense  organs,  17,  chap.  x. ;  of  rabbit. 

Sensible  perspiration,  123. 

Sensory  centres,  142,  144. 

Serous  coat,  63. 

Serum,  83,  84. 

Shaft,  18,  19,  34,  37. 

Sheath  of  muscle,  42,  47. 

Sheep,  8,  11,  158,  181,  184,  196. 

Shocks,  breaking  of,  19,  25,  27,  28,  33, 

36,  39,  40. 
Short  sight,  168. 
Shoulder,  10,  11,  34,  41. 
Sight,  9,  17,  139,  144,  157-168,  187-188. 
Sigmoid  flexure,  62. 
Skeleton,  13,  21;  chap,  ii.,  169. 
Skin,  14,  15,  16,  57,  64,  67;  chap,  viii., 

13°.  131,  134.  139- 
Skull,  20,  22,  26,  28,  40,  44,  128. 
Sleep,  143. 
Slides,  188,  190. 

Smell,  9,  17,  139,  144,  150-152.  157-168. 
187. 

Smelling  salts,  115,  151. 
Smells,  151. 
Sneezing,  114,  140. 
Sniffing,  151. 
Soda-water,  48. 

Sodium  (Na),  55;  carbonate,  181;  chlor- 
ide (NaClj,  55,  115,  123,  186,  187,  190, 
204. 

Sole  of  foot,  12,  121,  145. 
Solution,  73,  75,  76,  77,  150,  179,  180, 
187,  197. 

Sound;  of  heart,  92;  muscle,  92;  waves, 

153.  155- 
Sour  tastes,  149. 
Spectacles,  168. 

Sphincter;  of  bladder,  ii8;_pyloric,  66, 

74;  of  rectum,  65:  of  cow's  teat,  203. 
Spinal  bulb  (medulla  oblongata),  135, 

137,  141;  of  rabbit,  177. 
Spinal  cord,  11,  12,  13,  17,  127,  129, 

130,  133.  134;  of  rabbit,  177. 
Spinal  marrow,  see  Spinal  cord. 
Spine,  see  Vertebral  column;  neural, 

28,  29. 
Spittle,  see  Saliva. 


Spleen,  71,  94,  loi,  172. 
Spontaneous  actions,  140. 
Spring,  vibrations  of,  153. 
Stability,  levers  of,  45. 
Stage  of  microscope,  188,  i8g. 
Stand  of  microscope,  188,  189. 
Starch,  55,  72,  73,  75,  77,  179,  180,  197, 
198. 

Steam-engine,  47,  125. 
Steapsin,  76. 
Stethoscope,  92. 

Stimulation,  132,  133,  145,  149,  151,  155, 

161,  185,  186. 
Stimulus  [pi.  stimuli),  132,  133,  134, 

135.  140.  142.  ^44.  14s.  149.  'Sii  152, 

155,  161,  166,  185,  186,  187. 
Stirrup  (stapes),  154,  155. 
Stomach,  15,  56,  60,  61,  62,  63,  65,  66, 

67.  69,  71,  73.  74.  75.  77.  80,  94,  139, 

194;  of  ox,  193,  194;  of  rabbit,  172, 

176,  180. 
Stroma,  82. 
Structure,  7. 
Stuffiness,  no. 
Sub-arachnoid  space,  128. 
Subdural  space,  128. 
Submucous  coat,  63. 
Suffocation,  113. 

Sugar,  55,  72,  73,  77,  149,  179,  180,  187, 
197,  198;  grape-,  see  Glucose;  malt-, 
see  Maltose;  milk-,  200,  203,  205. 

Sulphur  (S),  48,  51,  S3,  54,  55;  dioxide, 
(S02),_  51. 

Supination,  35. 

Support,  13. 

Suture,  22. 

Swallowing,  73,  103,  140. 
Sweat,  121,  123,  124,  157. 
Sweetbread,  see  Pancreas. 
Sweet  tastes,  149. 
Symbols,  chemical,  48. 
Symmetry,  8,  9. 

Sympathetic  system,  17,  127,  143. 
Synthesis,  108. 
Syntonin,  55. 
Systole,  90,  91,  183. 

Taste,  17,  139,  144,  148,  150,  187;  buds, 

149. 
Tastes,  149. 

Tear,  25,  158;  duct,  158;  gland,  158; 
sac,  158. 

Teats  of  cow,  201,  202,  203. 

Teeth,  25,  55,  57,  58,  59,  71,  95,  139, 
145  17s;  of  ox,  192,  19s,  196;  of  rab- 
bit, 175. 

Temperature;  of  blood,  123;  of  body,  15, 
121,  123;  of  expired  air,  no;  sense, 
147,  186. 

Temples,  23,  72. 

Tendon,  42,  47,  72,  177;  of  Achilles,  44; 

of  diaphragm,  105. 
Thigh,  10,  147. 


215 


Thirst,  144. 

Thorax,  10,  12,  15,  16,  20,  31,  33,  60, 
84,  gi,  92,  93,  loi,  102,  106;  of  rabbit, 
173,  174,  184. 

Thumb,  II,  36,  41. 

Throat,  12,  15,  16;  sore,  152. 

Thyroid  cartilage,  102. 

Tickling,  134. 

Tissue,  17,  47,  80,  126;  connective,  17, 
19.  42,  47.  55.  59.  63,  69,  96,  104,  106, 
112,  123,  128,  170,  201;  subcutaneous, 
122, 123.  See  also  W^oo^,  Epithelium, 
Muscle,  and  Nerve. 

Toes,  II,  22,  39,  44,  45,  121,  122. 

Tongue,  26,  57,  68,  71,  73,  139,  145,  i47. 
15*^.  175;  of  ox,  192;  of  rabbit,  175. 

Tonic  condition  of  muscles,  46,  loo. 

Tonsil,  60. 

Touch,  17,  121,  144,  145-148,  186. 
Trachea,  16,  74,  102,  103,  113,  114,  151; 

of  rabbit,  174,  177,  184. 
Treacle,  76. 

Trunk,  10,  II,  20,  130;  of  spinal  nerve, 
130. 

Tubules;  of  milk  gland^  201,  202;  of 
sweat  gland,  122;  unniferous,  119, 
120,  185. 

Udder  of  cow,  201,  204. 

Unconsciousness,  143.    See  Fainting. 

Upright  position,  46. 

Urea,  114,  115,  120,  123,  185. 

Ureter,  16,  118,  119;  of  rabbit,  173;  of 

sheep,  184. 
Urethra,  118. 

Urinary  organs,  16,  chap.  vii. 
Urine,  115,  118,  119,  120,  123,  126,  185. 
Utricle,  157. 
Uvula,  57,  175. 

Valve;  Eustachian,  88,  182;  ileocsecal, 
65;  mitral  (bicuspid),  90,  91,  92,  182; 
semilunar,  (watch-pocket),  90,  91,  92, 
96,  112,  114,  182;  Thebesian,  88,  182; 
tricuspid,  89,  91,  92,  182;  of  veins,  96. 

Vapour,  151. 

Vegetable  diet,  79. 

Vein,  80,  87,  88,  94,  95,  96,  97,  98,  100; 
inferior  vena  cava,  88,  93,  120,  173, 
182;  superior  vena  cava,  88,  93,  176, 
182;  coronary,  94;  coronary  sinus,  88, 
93,  94,  182;  hepatic,  94;  jugular,  97, 
176;  portal,  94,  95,  173;  pulmonary, 
88,  90,  93,  112,  176,  182;  of  rabbit, 
172,  173.  176;  renal,  120;  of  sheep, 
182,  183;  subclavian,  176. 

Ventilation,  no,  in,  204. 

Ventral,  9. 

Ventricles;  of  brain,  136,  138,  140,  178; 

of  heart,  86,  87,  88,  89,  90,  92,  100, 

181,  182,  183. 
Vermiform  appendix,  62;  of  ox,  194;  of 

rabbit,  172. 
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Vertebral  column,  12,  20,  26,  31,  60,  117, 
128. 

Villus  {pi.  villi),  63,  65,  77,  176,  igt. 
Vibrations;  of  air,  152;  molecular,  131; 

144,  150,  151,  15s,  167;  of  sounding 

bodies,  152,  153. 
Vitriol,  oil  of,  see  Acid,  sulphuric. 
Voluntary  actions,  140,  143. 

Warmth,  144. 

Waste  products,  14,  15,  16,  83,  94,  113, 

114,  chap,  vii.,  125. 
Watchmaker's  eye-glass,  170. 
Water,  48,  49,  52,  53,  54,  55,  56,  72,  75, 

76,  79,  loi,  109,  III,  114,  115,  120, 

123,  124,  198,  200,  203,  204;  vapour, 

no,  184. 
Web  of  frog's  foot,  184. 
Weight,  43. 
Wheat-flour,  78. 
Whipped  blood,  84. 
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White;  of  egg,  55,  179,  180;  of  the  eye 
159;  matter  of  brain,  136,  138,  178 
of  spinal  cord,  129. 

Wide  albuminoid  ratio,  199. 

"Will,  17,  73,  134,  140.  142. 

Windpipe,  see  Trachea. 

Wisdom  teeth,  59. 

Wolff,  198,  199. 

Woody  fibre,  198. 

Work,  92,  125,  126. 

Wrist,  10,  20. 

Wrong  way,  going  the,  74. 
Xanthoproteic  reaction,  179,  180. 
Yellow  spot,  1 60,  166,  187. 

Zinc,  52. 
Zoology,  7,  8. 

Zymine  peptonizing  powder,  181. 
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EXTEACT  FEOM  THE  DIEECTORY  OF  THE 
SCIENCE  AND  AET  DEPAETMENT. 


SYLLABUS  OF  REQUIREMENTS  IN  HUMAN 
PHYSIOLOGY. 

MRST  STAGE  OR  ELEMENTARY  COURSE. 

Questions  wiU  be  confined  to  the  under-mentioned  points  in  the 
elements  of  anatomy  and  physiology. 

Candidates  are  expected  to  have  seen  the  corpuscles  of  the  blood 
under  a  microscope,  magnifying  about  three  or  four  hundred 
diameters.  It  is  also  desirable  that  they  should  have  made  them- 
selves acquainted  in  like  manner  with  the  general  microscoijic 
characters  of  the  cells  constituting  epithelium.  Other  details  of 
structure  needing  the  use  of  a  microscope  will  not  be  asked  for. 

The  information  demanded  under  "Chemical  Preliminaries"  is 
limited  on  the  one  hand  to  elementary  and  fundamental  chemical 
principles  as  appHed  to  the  animal  body,  and  on  the  other  to  the 
important  properties  of  the  chief  chemical  substances  composing 
the  body  and  food.  In  respect  to  these  points  the  answers  must  be 
precise,  but  no  further  chemical  knowledge  will  be  required. 

No  candidate  will  be  allowed  to  pass  who  in  the  answers  makes 
gross  errors  concerning  the  general  build  of  the  body  and  the  rela- 
tions of  its  several  parts,  the  structure  and  working  of  the  heart 
and  the  main  facts  of  the  circulation,  the  mechanical  and  chemical 
changes  of  respiration,  the  chemical  nature  of  food,  its  changes  in 
the  alimentary  canal,  and  its  use  in  the  body. 

A.  Anatomical  Peeliminaeies. 
The  general  build  of  the  body. 

The  form,  the  position,  and  the  uses  of  the  following  parts  of  the 
skeleton: — skull,  vertebrae,  ribs,  sternum;  scapula,  clavicle,  humerus, 
radius,  ulna,  carpus,  metacarpus,  phalanges  (of  the  hand) ;  pelvis, 
femur,  tibia,  fibula,  tarsus,  metatarsus,  phalanges  (of  the  foot). 

The  more  obvious  distinctive  characters  of  skin,  mucous  mem- 
brane, glands,  connective  tissue,  tendon.  Ligament,  cartilage,  bone, 
muscle,  and  nerve. 
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The  position  in  the  body,  and  the  general  form  and  size,  of  the 
following  internal  organs:— The  brain  and  spinal  cord;  the  pharynx, 
gullet,  stomach,  and  intestines ;  the  salivary  glands,  the  liver,  and 
the  pancreas ;  the  posterior  nares,  the  larynx,  trachea,  and  lungs ; 
the  diaphragm;  the  kidneys  and  the  bladder;  the  heart  and  the 
great  vessels ;  the  spleen.  , 

B.  Chemical  Peeliminabies. 

The  simpler  chemical  properties  of  carbon,  oxygen,  hydrogen,  and 
nitrogen;  the  meaning  of  the  terms  "element",  "comi^ound", 
"decomposition",  "oxidation",  as  illustrating  elementary  chemical 
principles. 

Tlie  composition,  nature,  and  properties  of  air,  water,  carbon 
dioxide  (carbonic  acid),  and  ammonia. 

The  chemical  elements  of  which  proteids,  fats,  and  carbohydrates 
are  composed ;  the  general  chemical  properties  of  these  substances, 
and  the  relative  proportions  in  which  the  several  elements  are  pre- 
sent in  each  of  them. 

The  composition  and  general  nature  of  urea. 

C.  General  View  of  the  Animal  Body  in  Action. 

The  movements  of  the  body  as  the  result  of  muscular  action. 

Muscular  action  viewed  as  chemical  change  (oxidation)  of  the 
muscle,  whereby  energy  is  set  free,  and  waste  of  substance  caused. 

The  blood  as  the  agent  which  (a)  removes  the  waste,  and  (6) 
supplies  fresh  nutritive  material  to  make  good  the  waste. 

The  waste  matter  in  the  blood  got  rid  of  by  the  excretory  organs. 
The  fresh  nutritive  material  in  the  blood  supplied  to  it  from  food 
by  means  of  the  digestive  organs. 

The  control  of  the  muscles  by  the  nervous  system,  consisting  of 
{a)  sensorj'-  or  afferent  nerves,  (b)  the  brain  and  spinal  cord,  (c) 
motor  or  efferent  nerves. 

The  general  functions  of  the  brain  and  spinal  cord. 

The  maintenance  of  the  erect  posture. 

Local  and  general  death. 

D.  Special  Physiology. 

a.  The  Blood. — The  form,  size,  and  structure  of  the  corpuscles 
of  the  blood. 

The  general  composition  of  the  blood. 

The  phenomena  presented  by  blood  drawn  from  the  body ;  clot- 
ting of  blood. 

h.  The  Circulatory  System.— The  general  structure  of  the 
heart;  the  form  and  arrangement  of  its  chambers;  the  nature  of 
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its  walls;  the  form  and  position  of  its  valves.  The  differences 
between  the  right  and  left  side  of  the  heart. 

The  action  of  the  heart  as  a  force-pump. 

The  mode  and  action  of  the  valves  during  the  heart-beat. 

The  general  difference  between  arteries,  capillaries,  and  veins. 

The  course  of  the  circulation  and  the  reason  why  the  blood  moves 
in  only  one  direction. 

The  characters  of  and  differences  in  the  blood-flow  in  arteries, 
capillaries,  and  veins. 

The  meaning  of  the  "pulse". 

The  evidence  of  the  circulation  obtainable  in  the  living  body. 

c.  The  Alimentaey  System. — The  general  form  and  arrange- 
ment of  the  alimentary  canal  in  its  several  parts. 

The  more  obvious  characters  of  the  mucous  coat,  and  the  differ- 
ences in  respect  to  it  between  the  stomach  and  the  small  and  large 
intestine. 

The  relationship  of  the  salivary  and  gastric  glands,  and  of  the 
pancreas  and  liver,  to  the  alimentary  canal.  The  character  and 
uses  of  their  secretions. 

The  general  nature  of  food.  The  classification  of  food -stuffs. 
The  changes  the  several  food -stuffs  respectively  undergo  in  the 
alimentary  canal,  and  how  these  are  brought  about. 

The  manner  in  which  nutritive  matters  are  absorbed  and  innutri- 
tious  matters  got  rid  of  from  the  alimentary  canal. 

The  economy  of  a  mixed  diet. 

d.  The  Livee.  — Position  and  general  structure  of  the  liver.  The 
blood  supply  to  the  liver. 

The  obvious  characters  and  properties  of  bile. 

e.  The  Respiratoey  System. — The  arrangement  of  the  ribs, 
sternum,  intercostal  muscles,  and  diaphragm.  The  manner  in  which 
the  walls  and  floor  of  the  chest  change  their  position  during  the 
respiratory  movements. 

Why  air  enters  and  leaves  the  chest  during  inspiration  and 
expiration  respectively. 

The  course  taken  by  the  air  when  breathing  through  the  nose. 

In  what  respects  the  air  which  leaves  the  lungs  differs  from  that 
which  enters  them. 

The  obvious  differences  between  venous  and  arterial  blood. 
Where  and  how  venous  blood  is  converted  into  arterial,  and  arterial 
into  venous  blood  in  the  body.  How  venous  blood  can  be  converted 
into  arterial  blood  out  of  the  body. 

The  conditions  which  give  rise  to  asphyxia. 

/.  The  Urinaey  System. — The  structure  of  the  kidney  so  far  as 
it  is  visible  to  the  naked  eye. 

The  composition  of  urine  as  far  as  its  chief  constituents  are 
concerned ;  the  significance  of  these  as  waste  products. 
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g.  The  Skin. — The  obvious  differences  between  the  dermis  and 
epidermis. 

The  general  composition  of  sweat. 
The  more  obvious  functions  of  the  skin. 

li.  Animal  Heat.— The  sources  of  the  heat  of  the  body.  The 
manner  in  which  heat  is  distributed  through  the  body,  and  in  which 
the  temperature  of  the  body  is  regulated. 

i.  The  Musculab  System  and  Animal  Mechanics.  —  The 
structure  of  muscle,  of  tendon,  and  of  bone,  so  far  as  it  can  be 
made  out  by  the  naked  eye  or  a  simple  lens.  The  mode  of  attach- 
ment of  muscles  to  bones. 

The  nature  of  joints,  with  examples  of  ball-and-socket,  hinge, 
and  pivot  joints. 

The  different  kinds  of  levers,  with  examples  of  them  in  the  body. 

The  way  in  which  muscles  lead  to  the  movements  of  the  body. 

li.  The  Senses.  — The  different  kinds  of  sensations. 

The  means  of  measuring  the  acuteness  of  the  sense  of  touch  in 
various  parts  of  the  body. 

The  general  structure  of  the  organs  of  smell  and  taste,  and  the 
manner  in  which  their  functions  are  performed. 

The  general  structural  arrangements  of  the  eye-ball.  Such  char- 
acters of  the  cornea,  sclerotic,  choroid,  iris,  aqueous  and  vitreous 
humours,  crystalline  lens  and  retina  as  can  be  observed  by  ordinary 
dissection.    The  uses  of  the  cornea,  iris,  and  crystalline  lens. 

How  the  pupil  is  enlarged  and  made  narrower,  and  for  what 
purposes. 

The  change  undergone  by  the  lens  when  looking  from  a  distant 
to  a  near  object ;  the  object  of  this  change. 
The  blind  spot,  and  what  it  teaches. 

The  essential  facts  as  to  the  structm-al  arrangements  of  the  ear 
so  far  as  they  are  required  to  explain  how  sound-waves  are  conveyed 
to  the  nerves  of  hearing. 

I.  The  Nervous  System. — The  chief  parts  into  which  the  brain 
may  be  divided. 

The  structure  of  the  sjjinal  cord  so  far  as  it  is  visible  to  the 
naked  eye.  The  arrangement  and  the  functions  of  the  roots  of 
the  spinal  nerves. 

The  general  way  in  which  the  spinal  cord  is  connected  to  the 
brain  by  means  of  the  spinal  bulb  or  medulla  oblongata. 

The  evidence  that  the  spinal  cord  is  capable  of  effecting  reflex 
action. 

The  general  phenomena  presented  by  an  animal  deprived  of  ats 
brain,  as  illustrating  some  of  the  more  important  fimctions  of  the 
brain. 
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EXAMINATION  PAPERS  IN  HUMAN 
PHYSIOLOGY. 


General  Instructions. 

Put  the  number  of  the  question  before  your  answer. 

The  value  attached  to  each  question  is  shown  in  brackets  after 
the  question,  but  a  full  and  correct  answer  to  an  easy  question  will 
in  all  cases  secure  a  larger  number  of  marks  than  an  incomplete  or 
inexact  answer  to  a  more  difficult  one. 

Your  name  is  not  given  to  the  Examiners,  and  you  are  forbidden 
to  write  to  them  about  your  answers. 

You  are  to  confine  your  answers  strictly  to  the  questions  proposed. 
The  examination  in  this  subject  lasts  for  three  hours. 

MAY,  1894. 
First  Stage  or  Elementary  Examination. 

Instructions. 
You  are  permitted  to  attempt  only  eight  questions. 

1.  Where  and  how  is  the  diaphragm  placed  in  the  body?  What 
organs  lie  immediately  above  and  what  immediately  below  it? 
What  structures  pass  through  it  ?  How  does  the  diaphragm  work 
in  breathing,  and  what  makes  it  work?  (15.) 

2.  How  would  you  place  a  heart  in  front  of  yourself  so  as  to  see 
the  left  auricle  most  easily  ?  What  does  the  left  auricle  look  lilce  as 
seen  from  the  outside,  and  what  does  its  inside  look  like  when  laid 
open  ?  What  blood-vessels  enter  the  left  auricle,  and  how  is  it  con- 
nected with  the  left  ventricle?  (15.) 

3.  ^Vhat  is  the  general  shape  and  appearance  of  the  stomach? 
What  is  its  general  structure?  In  what  way  does  the  internal 
Kning  of  the  stomach  differ  from  that  of  the  small  intestine  ?  What 
changes  does  proteid  food  undergo  in  the  stomach?  (15.) 

4.  How  can  you  tell  the  difference  between  a  large  artery  and  a 
vein  of  the  same  size  as  seen  by  dissection  in  a  dead  body?  What 
further  differences  are  there  between  an  artery  and  a  vein  besides 
those  you  can  make  out  by  mere  dissection  ?  What  are  the  special 
uses  of  these  differences?  (15.) 

5.  What  are  lacteals,  and  where  do  they  occur?  What  is  in  them 
when  an  animal  is  fasting,  and  what  is  in  them  after  a  meal  of  mixed 
food?   How  are  their  contents  finally  passed  into  the  blood?  (10.) 

6.  How  can  you  show  that  there  is  a  "blind  spot"  in  each  of 
your  own  eyes  ?  What  does  the  blind  spot  teach  us  as  to  the  nature 
of  sight?  (10.) 
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_  7.  What  movements  can  you  make  with  your  hand  at  the  wrist 
]omt  ?  How  do  the  movements  you  can  make  with  your  foot  at  the 
ankle  jomt  differ  from  those  you  can  make  with  your  hand  at  the 
wrist  ?  What  are  the  differences  in  the  joints  which  cause  the  differ- 
ence in  the  movements  ?  (10) 

8.  WTiat  do  you  understand  by  a  "reflex  action"?  What  struc- 
tures are  essential  for  the  occurrence  of  a  reflex  action  ?  Give  two 
or  three  examples  of  reflex  action  as  it  may  be  observed  in  your  own 
body?    What  is  the  use  of  reflex  actions ?  (10.) 

9.  Of  what  two  parts  is  the  skin  composed  ?  What  are  the  more 
obvious  and  important  differences  between  these  two  parts  ?  What 
are  the  chief  uses  of  the  skin  to  the  body  ?  (10.) 

10.  What  are  the  various  causes  or  conditions  which  make  a  per- 
son breathe  faster  than  usual  ?  What  is  the  exact  cause  and  what 
is  the  real  use  in  each  case  of  the  faster  breathing?  (10.) 

11.  What  is  the  spinal  bulb  or  medulla  oblongata,  and  where  is 
it  placed  in  the  body  ?  What  is  its  form  and  general  appearance  ? 
What  are  its  more  important  uses?  (10.) 

12.  What  part  of  the  nose  is  used  for  smelling?  What  nerve  is 
used  for  smelling  ?  With  what  part  of  the  brain  is  this  nerve  con- 
nected, and  how  does  it  pass  from  the  brain  to  the  nose?  Why 
cannot  you  either  smell  or  taste  properly  when  you  have  a  bad  cold 
in  your  head?  (10.) 


MAY,  1895. 

{Instructions  as  in  1S94.) 

1.  What  structures  form  the  walls  of  the  thorax  or  chest?  'Wliat 
organs  lie  inside  the  thorax  ?  What  movements  do  the  walls  make 
during  inspiration,  and  what  movements  do  they  make  during 
expiration?    How  are  these  movements  produced ?  (15.) 

2.  What  differences  of  structure  are  there  between  the  right  and 
left  ventricle  of  a  heart?  To  what  differences  in  action  do  these 
differences  correspond?  What  is  the  form  and  structure  of  the 
valve  between  the  left  auricle  and  left  ventricle,  and  how  does  this 
valve  work  so  as  to  carry  on  the  circidation  of  the  blood  ?  (15.) 

3.  Where  and  how  is  the  spinal  cord  placed  in  the  body  ?  How 
does  it  end  above  and  how  does  it  end  below  ?  What  structures  are 
given  off  at  repeated  intervals  from  the  spinal  cord,  and  what  are 
the  uses  of  these  structures  ?  (15.) 

4.  What  are  the  essential  differences  between  fats  and  carbo- 
hydrates ?  Where  and  how  are  fats  digested,  where  and  how  are 
carbohydrates  digested  in  the  body?  (15.) 

5.  Describe  the  position  and  general  structure  of  the  liver.  "What 
is  there  peculiar  about  the  blood-supply  to  the  liver  ?  What  is  the 
most  obvious  use  of  the  liver,  and  what  are  the  arrangements  by 
which  that  use  is  carried  out?  (10.) 
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6.  What  changes  can  be  sce7i  to  take  place  in  blood  after  it  is 
dravnx  off  from  the  body  and  kept  for  some  time  ?  What  has  taken 
place  in  the  blood  to  cause  these  changes  which  you  can  see  ?  (10.) 

7.  Describe  how  the  skull  is  attached  to  the  spinal  column  or 
backbone,  and  explain  how  this  attachment  enables  you  to  (i)  nod 
your  head  up  and  down ;  (ii)  turn  your  head  from  side  to  side. 

(10.) 

8.  What  is  the  structure  of  a  muscle  and  its  tendon  so  far  as 
these  can  be  made  out  by  careful  dissection,  without  having  recourse 
to  a  microscope  ?  How  are  the  muscles  usually  placed  and  attached 
to  the  bones  so  as  to  lead  to  the  movements  of  the  body?  (10.) 

9.  Of  what  substances  is  sweat  chiefly  composed  ?  By  what  organs 
other  than  the  skin  are  some  of  the  constituents  of  sweat  also  got 
rid  of  from  the  body  ?  How  does  it  come  about  that  perspiration  is 
usually  "  insensible ",  and  what  has  happened  when  it  becomes 
"sensible"?  (10.) 

10.  If  you  cut  through  a  large  clot  of  blood  or  piece  of  lean  meat, 
the  inside  is  of  a  much  darker  colour  than  the  outside.  Explain 
why  there  is  this  difference  of  colour.  What  important  facts  do  you 
learn  from  the  above  observation?  (10-) 

11.  What  is  the  pupil  of  the  eye?  When  and  by  what  means 
does  it  become  smaller,  and  when  does  it  become  larger  ?  What  are 
the  uses  of  the  pupil  becoming  smaller  and  larger?  (10.) 

12.  If  you  keep  your  leg  or  arm  too  long  in  a  bent  position  it 
often  "goes  to  sleep".  What  has  happened  in  your  leg  or  arm  when 
it  has  thus  "gone  to  sleep",  and  why  is  it  nearly  useless  to  you 
while  in  this  condition  ?  (10.) 
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NJHW  BOOKS  AND  NEW  EDITIONS. 
Just  Published,  revised  and  larfjehj  re-ui-itten. 

Desehanel's  Natural  Philosophy:  An  Elementary  Treatise  on 
Natural  Philosophy,  based  on  the  Traite  de  Physique  of  A.  Privat 
Deschanel.  By  J.  D.  Everett,  m.a.,  d.c.l.,  f.r.s.,  Professor  of 
Natural  Philosophy  in  Queen's  College,  Belfast.  Profusely  illus- 
trated. Thirteenth  Edition.  In  1  vol.,  medium  8vo,  cloth,  18s. ;  also 
in  four  Parts,  limp  cloth,  4.s.  Qd.  each. 

Part  I.— Mechanics  and  Hydrostatics.  I  Part  III.— Electricity  and  Magnetism. 
Part  II.— Heat.  I  Part  IV.— Sound  and  Liglit. 

This  well-known  work,  revised  at  each  successive  reprinting,  has 
now  been  so  thoroughly  recast  in  the  liglit  of  recent  investigations 
as  to  nuxke  the  present  edition  practically  a  new  work.  Much  of  the 
old  matter  lias  been  rearranged  iov  greater  lucidity,  new  matter  lias 
been  largely  introduced  into  old  chapters,  and  four  entirely  new 
chapters  on  special  modern  subjects  have  beon  added. 

"  .  .  .  Tliese  judicious  revisions  and  expansions  have  resulted  in  the  pro- 
duction of  a  worlc  which  bears  tlie  same  relation  to  physics  to-day  that  the 
original  treatise  did  to  the  state  of  physical  knowledge  at  the  time  of  publica- 
tion. The  work  may,  therefore,  be  expected  to  be  just  as  successful  in  the  futui'e 
as  it  has  been  in  the  past."— Nature,  July  12th,  189<l. 

"The  new  edition  — the  thirteenth,  by  the  way— of  Professor  Desehanel's 
Treatise  on  Natural  PhUosophy  differs  materially  from  all  previous  issues  of 
the  book.  .  .  .  Tlioroughness  of  treatment  and  lucidity  of  statement  are  the 
characteristics  of  this  admirable  text-book,  and  Dr.  Everett  has  shown  much 
skill  in  the  manner  in  which  he  has  enlarged  its  scope  in  order  to  meet  the  actual 
requirements  of  English  students.— The  Speaker,  .August  Uh,  1894. 


Jiist  Published. 

Elements  of  Metallurg-y.  By  W.  Jerome  Harrison,  p.g.s.,  and 
William  J.  Harrison.  .Fully  Illustrated.  250  pp.  f'cap  8vo. 
cloth,  2s.  6cZ. 

In  rapid  Preparation. 

Laboratory  Exercise  Book  for  Chemical  Students,  Con- 
taining Tables  for  Analysis,  Sheets  for  Results,  &c.  By  E.  Feanois, 
F.cs.,  People's  College,  Nottingham. 
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Juxl  Published,  revised  throughout  and  considerably  extended. 

A  Text-Book  of  Org-anic  Chemistry.  By  A.  Bernthsen,  pu  d.. 

formerly  Professor  of  Chemistry  in  the  University  ol  Heidelberg' 
Translated  by  George  M'Gowan,  Ph.D.  Ncio  Edition,  thoroughly 
rfevised  and  much  enlarged  by  Author  and  Translator.  Crown  8vo, 
cloth,  7s.  6rf. 

"This  excellent  treatise  has  been  admirably  translated,  and  a  very  useful 
addition  has  been  made  to  the  English  scientific  student's  library.  As  far  as  we 
have  tested  it  is  accurate,  and  it  is  certainly  sensible  in  arrauKement  and  lucid 
in  style."— Lancet. 

"Sui-e  to  take  as  high  a  place  among  the  elementary  text-books  of  organic 
chemistry  ui  the  English  language  as  it  has  already  done  in  the  Fatherland."— 
Nature. 

"  The  translator  having  done  his  work  accui-ately,  this  volume  ought  to  become 
as  popular  among  English  as  it  deservedly  is  among  German  students."— Journal 
of  Education. 

"The  author  and  translator  are  to  be  congratulated  on  the  production  of  a 
very  useful  book.  "—Guardian. 

"  The  book,  in  spite  of  its  wide  range,  is  clear  and  simple  in  style,  well  printed, 
and  not  too  large."— Saturday  Review. 


Just  Ptiblished. 

The  Natural  History  of  Plants :  Their  Forms,  Growth,  Eepro- 
duction  and  Distribution.  From  the  German  of  Anton  Klrnek 
VON  Marilaun,  Professor  of  Botany  in  the  University  of  Vienna. 
Translated  by  F.  W.  Oliver,  m.a.,  d.Sc,  Quain  Professor  of  Botany  in 
Univer.sity  College,  London,  with  assistance  of  Marian  Busk,  b.sc, 
and  Mary  Ewart,  b.Sc.  With  about  1000  original  Woodcut  Illus- 
trations and  Sixteen  Plates  in  Colours.  Issued  in  Sixteen  Parts 
imperial  8vo,  published  monthly,  price  2s.  6d.  each  net;  also  in  four 
half-volumes,  at  intervals  of  four  months,  12s.  Qd.  net. 

"The  best  account  of  the  vegetable  kingdom  for  general  readers  which  has  yet 
been  produced.  .  .  .  The  translation  is  scientifically  accurate,  as  well  as 
entertaining  and  instructive.  Lovers  of  nature  will  find  every  page  of  the  book 
interesting,  and  the  serious  student  of  botany  will  derive  great  advantage  from 
its  perusal.  The  illustrations  are  beautiful,  and  what  is  more  necessary  true  to 
nature."— Nature. 

"The  publication  of  the  first  part  of  the  first  English  edition  of  Professor 
Kernel's  Pjlanzenleben  is  an  event  of  considerable  importance  to  the  many 
English  readers  to  whom  the  German  original  may  be  inaccessible.  Professor 
Kerner's  work  is  deservedly  held  in  high  repute  as  a  scientific  treatise  on  the 
life-history  of  plants,  their  forms,  growth,  reproduction,  and  distribution  ;  and  it 
is  certain  that  the  handsome  English  form  of  the  Pflanzenleben,  which  faithfully 
reproduces  the  text  and  extremely  instructive  and  beautiful  illustrations  of  tlie 
original  should  be  widely  read  both  by  students  of  botany  and  general  reader."— 
Saturday  Review. 

"When  completed  this  will  be  a  text-book  of  botany  such  as  has  never  yet 
appeared  in  the  English  language,  not  only  adapted  to  the  general  reader,  but 
indispensable  also  to  the  scientific  botanist  who  desires  to  keep  abreast  of  his 
subject.  .  .  .  Will  be  one  of  the  best  and  cheapest  scientific  works  ever 
produced  in  this  country."— The  Academy. 
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BLACKIE'S  SCIENCE  TEXT-BOOKS. 

SUITABLE  FOE  SCIENCE  AND  AET  AND  OTHEE 

EXAMINATIONS. 

ADVANCED  SERIES. 

Elementary  Text-Book  of  Dynamics  and  Hydrostatics 

{Theoretical  Mechanics,  Elementary  and  Advanced).  By  R.  H. 
PiNKERTON,  B.A.,  Balliol  College,  Oxford;  Lecturer,  University 
College,  Cai'diff ;  Examiner,  Glasgow  University.  F'cap  8vo,  cloth, 
3s.  6rf. 

"The  subject  is  treated  mathematically,  but  the  mathematical  knowledge 
required  for  an  intelligent  perusal  of  the  book  is  limited  to  elementai'y  algebra 
and  trigonometry.  The  fundamental  units  are  thoroughly  well  explained,  and, 
which  is  saying  a  great  deal,  they  are  used  consistently  throughout.  Every 
important  proposition  is  followed  by  a  number  of  good  examples  fully  worked 
out,  and  many  others  are  given  as  exercises.  .  .  .  It  is  thoroughly  conscientious. 
In  fact,  from  a  mathematical  point  of  view,  the  book  leaves  nothing  to  be 
desired.  "—Natu  re. 

"It  contains  all  those  parts  of  the  subject  which  can  be  treated  without  a 
knowledge  of  the  higher  branches  of  pure  mathematics.  The  matter  is  arranged 
in  aucoixlance  with  the  most  modern  ideas,  and  the  preliminary  chapters  on 
kinematics  and  the  principles  of  dynamics  and  statics  are  very  carefully  written, 
the  definitions  and  proofs  being  clear  and  the  explanations  ample." — Journal  of 
Education. 

"  '  Dynamics  '  is  a  term  now  generally  understood  as  the  science  of  force.  Con- 
sequently, this  work  includes  statics,  tlie  whole  forming  what  was  formerly 
known  as  mechanics.  After  a  careful  perusal  of  the  l)ook,  we  can  confidently 
recommend  it.  It  bears  the  mark  of  great  care  in  explaining  principles." — 
Education. 

"This  text-book  may  be  read  with  advantage  by  candidates  for  the  London 
Matriculation  and  Inter.  Science  and  similar  examinations.  It  will  be  found  of 
great  value  to  backward  students."— University  Correspondent. 

Hydrostatics  and  Pneumatics.    By  R  H.  Pinkerton,  b.a., 

Balliol  College,  Oxford;  Lecturer,  University  College,  Cardiff; 
Examiner,  Glasgow  University.    Crown  8vo,  cloth,  4s.  Qd. 

"  This  is  a  good  and  complete  work  on  the  subject.  It  is  a  successful  attempt 
to  produce  a  book  suitable  for  students  who  have  not  been  through  a  course  in 
mechanics.  .  .  .  Mr.  Pinkerton  writes  in  a  clear  and  interesting  style,  the 
varions  propositions  being  well  explained  Numerous  examples  are  attached  to 
each  chapter,  and  a  complete  set  of  answers  is  given  at  the  end  The  book  is 
well  printed  and  illustrated.  .  .  .  We  have  no  hesitation  in  recommending 
this  work  to  students  and  teachers."— Journal  of  Education. 

"  In  Mr.  Pinkerton's  treatise  we  find  a  soniewliat  more  extensive  treatment  of 
the  subject  than  is  usually  met  with  in  an  elementary  work.  ...  He  provides 
us  with  a  manual  likely  to  be  very  useful  to  the  student  who  wishes  to  acquire  a 
fairly  wide  knowledge  of  the  subject,  without  the  formal  use  of  infinitesimal 
methods.  A  good  feature  of  the  work  also  is  the  free  employment  of  experi- 
mental illustrations  and  verifications,  and  the  elaborate  and  clear  illustration  of 
apparatus.  Both  these  points  are  noteworthy,  when  we  consider  how  many 
otherwise  good  text-books  suffer  from  the  deifects  which  are  here  successfullv 
avoided."— Educational  Review. 

"The  autlior  is  especially  clear  in  his  explanations,  and  his  remarks  are  in 
many  cases  accompanied  with  diagrams  and  illustrations,  which  are  always  of 
great  help  to  the  reader  studying  the  subject  for  the  first  time.  As  a  text-book 
for  science  schools,  and  suitable  for  those  wishing  to  get  a  thorough  insight  into 
the  subject,  the  book  will  be  sure  to  find  favour."— Nature. 
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SCIENCE  TEXT-BOOKS.    Advanced  Series-Co»R 

"  As  is  usual  throughout  tliis  excellent  science  series,  evej-y  effort  is  made  to 
assist  the  student  hy  the  adoptiun  of  tlie  simplest  language  and  by  leaving  no 
point  une.\i)laincd  "  — Daily  Chronicle. 

"To  the  science  student  who  has  neglected  his  mathematics,  such  a  text-book 
should  prove  invaluable."— Educational  Times. 


A  Text-Book  of  Heat.  By  Charles  H.  Di{.\i>ek,  b.a,,  D.Sc.Lond., 
Headmaster  of  the  Boys'  High  School,  Woolwich.  Crown  8vo, 
cloth,  4s.  6rf. 

"  Dr.  Draper  has  furnished  us  with  a  Text-Book  of  Heat,  well  suited  for 
students  in  .science  colleges.  Instead  of  the  usual  chapter  oi'  so,  one-tliird  of  tlie 
book  is  devoted  to  the  principles  of  thermodynamics.  Tlie  work  is  complete, 
precise,  and  up  to  date.  .  .  .  The  principles  of  thermodynamics  are  treated  in 
a  simple  mathematical  manner,  and  are  worthy  of  tlie  study  of  all  students 
Laving  a  slight  knowledge  of  the  calculus.  What  makes  this  part  of  the  work  of 
especial  value  is  the  fact  that  Dr.  Draper  has  wisely  illustrated  all  his  fonnulie 
by  numerical  examples.  Thus  a  beginner  can  appreciate  that  the  theoretical 
lesults  have  a  practical  value,  besides  knowing  how  to  apply  the  formulte  to 
specific  cases  that  may  arise.  The  illustrations— one  hundred  and  twenty-eight 
in  number — are  excellent  and  useful.  We  heartily  congratulate  Dr.  Draper  on 
Lis  book,  and  trust  that  it  may  meet  with  the  success  that  it  desei'ves."— Journal 
of  Education. 

"We  have  already  called  attention  to  the  excellent  series  of  elementary  text- 
books on  difTei'ent  branches  of  science  which  are  being  issued  by  this  firm.  A 
iiigh  standard  is  maintained,  and  the  authors  do  not  coiitent  themselves  with  re- 
arranging the  contents  of  existing  books  and  pernetuating  their  eiTors.  Dr. 
Draper  has  produced  an  excellent  introduction  to  the  subject,  having  consulted 
ori.ainal  authorities,  and,  at  the  same  time,  cared  for  the  needs  of  practical 
students.    Illustiative  examples  abound."— Oxford  Magazine. 

"  Tliis  is  a  very  good  text-))ook.  It  contains  all  the  facts  and  methods  which  a 
text-book  of  heat  is  expected  to  contain,  and  also  many  which  have  not  hitherto 
usually  been  given,  Imt  without  which  the  text  book  of  the  future  will  liardly  be 
considered  complete.  ...  In  this  book,  the  very  latest  and  best  luethods  are 
given  in  nearly  every  case,  and  are  generally  illustrated  by  figm-es  which  are  not 
mere  diagrams,  but  convey  a  good  idea  of  the  apparatus  actually  used."— 
University  Correspondent. 

"Dr  Draper  has  endeavoured  in  the  present  volume  to  dispense,  as  far  as 
possible,  with  higher  mathematical  problems,  but  in  following  out  this  plan  he 
has  not  sacrificed  scientific  method.  Tp  to  a  certain  point,  of  course,  he  can 
tarry  us  without  the  higher  branches  of  mathematics,  but  it  needs  great  skill, 
and  we  are  glad  to  say  that  he  has  contrived  to  perform  this  task  with  most 
tangible  and  hai)py  results."— Educational  Review. 

"  This  is  an  excellent  introduction  to  the  study  of  heat,  profusely  illustrated, 
and  well  adapted  to  uon-mathematical  readers."— Educational  Times. 

"  The  whole  book  is  clear  and  concise  to  a  degree,  and  not  the  least  jntei-est- 
ing  and  valuable  part  of  it  will  be  found  in  the  many  illustrations.  —Daily 
Chronicle. 

The  Arithmetic  of  Magnetism  and  Electricity.  By  Hobert 

(tUNN,  Science  Lecturer,  Glasgow  School  Boanl.  1-  cap  Svo,  cloth, 
2s.  6d. 

"Will  be  found  very  useful  by  advanced  students,  and  i.-*  certain  to  have  an 
excellent  effect  on  the  accuracy  of  their  work."-University  Correspondent. 

"The  arithmetical  exercises  are  as  they  ought  to  be,  both  numerous  and 
comprehensive,  for  only  by  a  variety  of  illustrative  exercises  is  it  possible  to 
JeXnently  impress  upon  tlie  mind  the  meaning  of  the  fundamental  laws  under- 
lying any  science."— Practical  Engineer. 
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"  In  Mi:  Robert  Guiin's  Arithmetic  of  Magnetism  and  Electricity  the  student  is 
piovideil  with  an  easy  and  intelligent  means  of  solving  the  arithmetical  questions 
contained  in  the  examination  papers  in  tlie  advanced  stage  of  the  Science  and 
Art  Department.  There  are  examples  for  illustration,  and  exercises  (with 
answers).  It  is  by  far  the  most  useful  book  of  the  kind  we  know."— National 
Observer. 

•'A  small  text-book  treated  quantitatively,  with  numerous  ai'ithmetical  ex- 
amples.   It  appears  to  be  very  accurate." — Athenaeum. 

An  Elementapy  Text-Book  of  Physiology  {Elementary  and 

Advanced).  By  J.  M'Guegor-Kobertson,  m.a.,  m.b.,  Lecturer  in 
Physiology,  Queen  Margaret  College.    E'cap  8vo,  cloth,  4s. 

••A  good  system  of  arrangement  and  clear  expressive  exposition  distinguish 
this  book.  Definitions  of  terms  are  remarkably  lucid  and  exact."— Saturday 
Review. 

"All  who  wish  to  acquire  anything  short  of  a  professional  acquaintance  with 
physiology  will,  we  are  sure,  find  all  they  need  set  forth  here  in  a  very  interesting 
and  attractive  way.  Difference  in  type  is  skilfully  used  to  distinguish  the  ele- 
mentary from  the  more  abstruse  sections,  and  copious  and  well-executed  illustra- 
tions aptly  elucidate  tlie  text." —Glasgow  Herald. 

"  It  is  written  with  a  fuhiess  of  knowledge,  and  illustrated  with  a  copiousness 
of  illustration,  that  make  it  almost  a  medical  text-book.  For  any  purpose,  short 
of  professional  knowledge,  it  is  an  adequate  manual.  For  its  special  purposes  it 
is  admirably  adapted." — Educational  News. 

"That  the  book  really  is  a  readable  one  there  can  be  no  doubt,  and  for  style 
and  general  accuracy  it  is  very  satisfactory  .  .  .  the  author  is  to  be  congratulated, 
and  especially  so  upon  his  treatment  of  certain  leading  topics."— Nature. 

"  A  clear,  well  illustrated,  and  sound  introduction  to  this  science." — University 
Correspondent. 

"Dr.  Robertson  writes  physiology  for  beginners,  but  he  writes  as  one  who 
knows  the  latest  on  the  subject,  and  is  all  the  more  intelligible  for  such  know- 
ledge. The  text  is  admirably  clear,  and  it  is  profusely  illustrated  with  woodcuts, 
which  are  well  executed. '—The  Lancet. 

The  Student's  Introductory  Text -Book  of  Systematic 

Botany.  By  J.  W.  Oliver,  Lecturer  in  Botany  at  the  Birmingham 
Municipal  Technical  School.    Crown  8vo,  cloth,  4s.  Qd. 

"  This  little  book  fulfils  in  a  very  excellent  manner  the  main  requirements  of  a 
student's  text-book.  It  contains  in  a  condensed  yet  clear  form  the  cardinal  facts 
of  vegetable  morphology,  set  fortli  in  logical  order  and  lucid  style.  The  author 
has  wisely  chosen  the  natural  and  sensible  method  of  commencing  with  the  lowest 
forms  of  vegetable  life,  and  tracing  the  gradual  evolution  of  the  plant  upwards  to 
its  most  complicated  forms,  and  he  has  further  given  excellent  descriptions  of 
readily  accessible  types,  so  that  the  student  will  easily  be  able  to  verify  for  him- 
self all  the  more  important  statements.  The  book  is,  moreover,  copiously  and 
well  illustrated.  .  .  .  For  the  student  for  whom  it  is  written  it  is  calculated  to 
be  of  great  service,  and  we  can  most  cordially  recommend  it.  "—Oxford  Magazine. 

"  Mr.  Oliver  evidently  intends  that  his  book  should  supply  the  needs  of 
students  working  for  the  advanced  certificate  of  botany.  He  has  certainly  sup- 
plied abundance  of  nuitter— nearly  four  hundred  pages  closely  printed— and  Ave 
think  tliat  lie  has  adopted  the  right  method  of  treatment,  namely,  that  of  ascend- 
ing from  the  simplest  to  the  most  complicated  vegetable  organisnis.  The  histology 
of  plants  has  received  careful  attention,  and  the  illustrations  relating  thereto  are 
very  presentable.  Mr.  Oliver  has  not  spared  himself  in  preparing  tlie  index 
which  is  exceptionally  full  and  judiciously  arranged."— Science  and  Art.  ' 

"The  autlior's  long  and  successful  experience  as  a  teacher  has  enabled  him  to 
judge  with  accuracy  as  to  what  is  most  needed,  and  in  the  selection  of  the  matter 
as  well  as  in  its  ari'angenient,  he  has  provided  the  student  with  a  work  whicli  ho 
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will  Hiid  invaluable  in  the  early  stages  of  his  study.  Hie  diagranis  are  very 
nunierous,  and  are  beautifully  executed."— Educational  News. 

"  It  is  an  admirable  and  scholarly  manual,  and  as  such  is  certain  to  malfe  its 
own  welcome  in  science  classes  as  well  as  in  tlie  higlier  forms  of  scliools.  Illustra- 
tions and  diagranus  are  freely  inserted  in  the  text,  and  serve  to  render  its  explana- 
tions clear."— The  Speaker. 

"We  have  much  pleasure  in  recommending  it  to  students  about  to  enter  on 
advanced  systematic  work.  .  .  .  The  illustrations  are  beautifully  clear,  and  are 
worthy  of  special  attention."— University  Correspondent. 

"In  short,  this  new  introductory  manual  to  systematic  botany— which,  by  the 
way,  is  very  well  illustrated— seems  to  us  to  form  an  admirable  text-book.  "—The 
Lancet. 

Earth-Knowledge.  A  Text-Book  of  Physiography.  By  W.  Jkbome 
Harrison,  f.g.s.,  and  H.  Rowland  Wakebukld.  388  pages,  f'cap 
8vo,  cloth,  3s.    Also  in  Two  Parts:  Part  I.,  Is.  6d.;  Part  II.,  2s. 

"There  can  be  no  doubt  about  the  usefulness  of  the  book  ...  it  is  excellent." 
—Nature. 

"  The  matter  is  at  once  so  simply  and  so  skilfully  presented  that  the  book  will 
be  found  a  useful  Introduction  to  science  in  general." — Glasgow  Herald. 

"The  Earth  Knowledge  of  Messrs.  Harrison  and  Wakefield  is  an  lionest  and 
readable  treatise  on  the  science  of  physiography." — Knowledge. 

"  Sure  to  do  some  practical  good  to  teachers  as  well  as  learners."— Athenaeum. 

"  This  is  an  extremely  valuable  and  interesting  little  book.  It  is  the  work  of 
practical  teachers  who  are  at  the  same  time  sound  scientists.  The  geological 
portions  of  the  book  are  eminently  reliable  and  quite  up  to  the  most  modern 
style  of  knowledge.  We  have  tested  the  information  by  the  most  recent  utter- 
ances of  our  savants,  and  as  a  result,  can  confidently  recommend  tlie  work." — 
Practical  Teacher. 

A  Text-Book  of  Organic  Chemistry.  By  A.  Beknthskn,  Ph.A 

formerly  Professor  of  Chemistry  in  the  University  of  Heidelberg. 
Translated  by  George  M'Gowan,  Ph.D.  New  Edition.  Crown  8vo, 
cloth,  7s.  6d. 

"  This  excellent  treatise  has  been  admirably  translated,  and  a  very  useful  addi- 
tion has  been  made  to  the  English  scientific  student's  library.  As  far  as  we  have 
tested  it  is  accurate,  and  it  is  certainly  sensible  in  arrangement  and  lucid  in 
style." — Lancet.  [See  also  page  2. 

Desehanel'S  Natural  Philosophy.  An  Elementary  Treatise 
based  on  the  Traite  de  Physique  of  A.  Privat  Deschanel,  by  Pro- 
fessor J.  D.  Everett,  m.a.,  d!c.l.,  f.r.s.  13th  Edition.  Medium  8vo, 
cloth,  18s.;  also  in  Parts,  limp  cloth,  4s.  6d.  each.    [See  also  page  2. 

Part  I.— Mechanics,  Hydrostatics,  &c.  1  Part  III.— Electricity  and  Magnetism. 

Part  II.— Heat.  ■  |  Part  IV.— Sound  and  Light. 

"  Probably  the  best  book  on  experimental  physics  we  possess."— Academy. 
"Systematically  ari-anged,  clearly  written,  and  admirably  illustrated,  it  forms 

a  model  work  for  a  class  in  experimental  physics."— Saturday  Review. 

Elementary  Text -Book  of  Physics.    By  Professor  Everett, 

M.A.,  D.O.L.,  F.R.S.    Seventh  Edition.    F'cap  8vo,  cloth,  3s.  6d. 

"  After  a  careful  examination  we  must  pronounce  this  work  unexceptionable, 
both  in  the  matter  and  the  manner  of  its  teachings."— Journal  of  Science. 

"This  book  of  300  pages  well  fulfils  the  author's  intention  of  providing  an 
elementary  text-book  which  may  especially  serve  as  an  introduction."— Nature. 

"For  the  ninnerous  class  who  wish  to  learn  something  of  the  main  facts  of 
physics,  this  work  will  be  found  eminently  serviceable."— Athenaeum. 
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ELEMENTARY  SERIES. 

Descriptive  Geometry:  including  Chapters  on  Plane  Geometry 
and  Graphic  Arithmetic.  By  Alex.  B.  Dobbie,  b.Sc,  "Young" 
Assistant  to  the  Professor  of  Civil  and  Mechanical  Engineering, 
Glasgow  University.    Crown  8vo,  cloth,  2s.  Qd. 

"  A  little  book  possessing  many  good  points,  and  one  upon  which  great  pains 
have  evidently  been  spent.  There  are  about  350  diagi'ams  in  the  book,  all  of 
which  have  been  carefully  designed  by  the  author.  The  diagrams  and  explana- 
tory text  are  both  extremely  clear,  and  the  problems  well  arranged.  Elementary 
coui'ses  in  plane  geometry  and  graphic  ai'ithmetic  are  included,  and  add  to  the 
value  of  a  book  which  we  confidently  recommend  to  the  notice  of  teachers." — 
Nature. 

"Special  featm-es  are  Section  II.,  giving  the  definitions  of  solid  geometry  in  a 
masterly  way,  the  reduction  of  the  number  of  problems  to  a  minimum,  and  the 
clever  and  elaborate  diagrams  which  have  been  designed  by  the  writer  himself. 
Sections  V.  and  VI.  give  introductions  to  the  subjects  of  plane  geometry  and 
graphic  arithmetic." — Speaker. 

"Includes  elementary  courses  in  plane  geometry  and  graphic  arithmetic,  and 
forms  a  useful  and  valuable  addition  to  the  series  in  which  it  appears." — 
Scotsman. 

"  Ml-.  Bobbie's  is  an  excellent  little  book  of  an  elementary  kind,  in  every  way 
suited  to  the  use  of  students  beginning  the  subject." — School  Guardian. 

First  Mathematical  Course.  Containing  Arithmetic,  Algebra, 
and  Euclid.  F'cap  8vo,  cloth,  with  Answers,  2s.;  without  Answers, 
Is.  9d.;  Answers  sepai'ate,  Qd. 

"A  capital  handbook  for  junior  students." — Academy. 

"The  value  of  the  work  depends  chiefly  on  its  exercises;  and  the  collection  is 
admirably  suited  to  the  purpose  for  which  it  is  intended."— Scots  Observer. 

"The  explanations  are  necessarily  condensed,  but  are  clear  and  sufficient. 
The  very  large  number  of  exercises  and  problems  greatly  increases  the  value  of 
the  book."— Educational  Times. 

Theoretical  Mechanics  (Solids  and  Liquids).  By  R  H.  Pinker- 
ton,  B.A.,  Balliol  College,  Oxford.  F'cap  8vo,  cloth,  2s.  Third  Edi- 
tion, suited  to  the  amended  Syllabus. 

"  Well  suited  for  candidates  in  the  Science  and  Art  examinations.  It  contains 
a  vast  number  of  capital  exercises  (with  answers)  for  the  student,  with  illustra- 
tive examination  papers  by  which  to  test  his  progress."— National  Observer. 

"  The  book  may  be  used  with  profit  by  all  elementary  students  of  the  subject. 
Many  examples,  some  of  which  are  fully  worked  out,  and  a  selection  of  questions 
from  the  examination  papers  of  the  Department  and  the  London  Matriculation 
are  given."— Educational  Times. 

"Tlie  book  is  replete  with  carefully  worked  out  examples,  so  that  the  student 
is  largely  independent  of  a  teacher.  Like  all  the  works  of  this  series  we  have 
seen  it  is  admirable.  It  is  clear,  concise,  and  practical,  and  well  calculated  to 
meet  the  purpose  intended." — Practical  Engineer. 

"  The  proofs  are  given  in  a  clear  and  logical  manner,  and  many  fully  worked 
out  problems  are  added  to  the  proofs  to  illustrate  the  principles  enunciated 
The  engravings  and  diagrams  are  most  abundant  and  admirably  adapted  to  aid 
the  pupil  in  his  study.  We  can  speak  of  the  volume  in  high  terms  and  can 
strongly  recommend  it  to  the  notice  of  those  who  take  an  interest  in  theoretical 
mechanics,  either  as  teachers  or  students.  They  will  find  the  book  a  veritable 
aid  to  a  sound  understanding  of  the  subject. '—Schoolmaster. 
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An  Elementary  Text- Book  of  Applied  Mechanics.  By 

David  Allan  Low  (Wliitworth  Scholar),  M.iiiBt.M.E,  F'cap  8vOj 
cloth,  2s. 

"A  trustworthy  and  in  all  respects  an  excellent  text -book."  — Practical 
Teacher. 

"This  is  an  excellent  little  text-book.  .  .  .  The  diagrams  are  especially 
good,  and  the  descriptive  portions  accompanying  them  are  clear  and  concise.  A 
striking  and  most  useful  feature  will  l)e  found  in  ttie  unusually  large  number  of 
examples  following  each  chapter,  typical  examples  also  being  worked  out  between 
tlie  articles.  .  .  .  The  book  is  one  wliich  can  lie  recommended,  and  will  no 
doubt  be  well  received  by  teachers  and  students  alike." — Nature. 

"This  is  a  very  suitable  text-book  for  students  who  are  preparing  for  the 
examinations  of  the  Science  and  Art  Department  in  applied  mechanics.  Care- 
fully arranged  exercises  follow  each  chapter.  The  diagrams  are  clear  and  intelli- 
gible."— Educational  Times. 

"  The  chapters  are  very  full  and  accurate,  and  illustrated  by  an  abundance  of 
questions,  some  of  which  are  solved  as  models,  while  the  others  are  left  for  the 
pupil's  practice." — School  Guardian. 

"We  commend  it  highly  for  its  clear  and  concise  arrangement  and  method  of 
exposition,  and  for  tlie  large  number  of  well-chosen  examples  which  are  to  be 
found  in  it,  and  think  it  will  be  useful  to  a  large  class  of  students  '  -Industries. 


Outlines  of  Natural  Philosophy.    (For  subject  Alternative 

Physics.)  By  Professor  J.  D.  Everett,  m.a.,  d.c.l.,  f.r.s.  F'cap  8vo, 
cloth,  4s. 

"It  possesses  all  the  systematic  arrangement  and  lucidity  of  the  author's  for- 
mer pu))lications,  and  the  illustrations,  which  are  abundant,  leave  nothing  to  be 
desired." — Athenaeum. 

"A  class-book  that  teachers  will  assuredly  welcome  for  its  lucid  dealing  with 
the  various  branches.  Special  attention  is  devoted  to  electricity.  "—Daily 
Chronicle. 

"  A  text-book  of  high  merit  and  utility." -Scotsman. 

"  The  author  has  succeeded  in  avoiding  technicalities,  as  far  as  is  possible  in  a 
book  of  this  description;  the  explanations  are  concise  and  at  the  same  time,  with 
very  few  exceptions,  quite  full  enough."— Literary  World. 

"  Mr  Everett  writes  clearly  as  well  as  exactly,  and  his  teaching  is  still  further 
...mplifled  and  aided  )iy  the  introduction  of  as  many  as  216  engravings  on  wood. 
The  book  is  admirably  fitted  to  popularize  a  difficult  but  most  valuable  study.  — 
Daily  Review. 

"  The  explanations  are  admirably  lucid;  there  is  a  careful  avoidance  of  techni- 
calities; and  in  every  branch  of  the  science  the  very  best  methods  have  been 
adopted  to  ensure  a  thorough  grasp  of  the  subject  on  the  part  of  the  student.  — 
School  Board  Chronicle. 


Liffht,  Heat,  and  Sound.    By  Charles  H.  Draper,  D.ScXond., 
Headmaster  of  the  Woolwich  High  School.    F'cap  8vo,  cloth,  2s. 

"  Evidently  prepared  with  great  care.  "—University  Extension. 

"A  well  printed  and  neatly  illustrated  l)ook.  The  statements  are  clear  and 
accurate.    We  can  cordially  reconnnend  it. '—Practical  Teacher. 

"A  valuable  addition  to  Blackie's  series  of  science  text-books.  .  .  •  For 
fulness,  accuracy,  adaptability  to  its  purpose,  and  we  may  add  cheapness,  ^^e 
strongly  recommend  this  useful  text-book."— Schoolmaster. 


BLACKIE  AND  SON'S  SCIENCE  CATALOGUE. 


9 


SCIENCE  TEXT-BOOKS.    Elementary  SEiUES—Confd. 

Magnetism  and  Electricity.  By  W.  Jerome  Harrison  and 
Charles  A.  White.    F'cap  Svo,  cloth,  2s. 

"  We  should  award  this  vohime  a  high  place  among  hooks  of  its  class.  The 
chapter  on  '  Potential'  is  specially  to  be  couiiuended." — Education. 

"Tlie  subject  is  so  gradually  and  so  simply  developed  that  it  requires  com- 
paratively little  effort  to  follow  and  to  master  the  reasoning.  "—Educational 
News. 

Elementary  Inorganic  Chemistry.   Theoretical  and  Practical. 

With  examples  in  Chemical  Arithmetic.  By  Professor  A.  Humboldt 
Sexton,  f.r.s.b.,  f.i.c,  f.c.s.  F'cap  Svo,  cloth,  2s.  6c/.  Specially 
collected  to  meet  the  1894-95  Syllabus. 

"General  principles  <are  clearly  laid  down,  and  particular  attention  is  devoted 
to  the  important  suljject  of  chemical  arithmetic." — Daily  Chronicle. 

"A  very  well  arranged  and  carefully  written  volume,  and  so  far  as  it  goes  is 
ndmirably  adapted  to  impart  a  sound  knowledge  of  the  general  laws  of  the  science 
and  of  the  nature  and  properties  of  many  of  the  commoner  substances.  The 
laws  and  generalizations  are  stated  in  a  very  clear  and  intelligible  manner,  any 
exceptions  to  the  general  rules  being  noted,  but  no  attempt  being  made  to  strain 
any  facts  so  as  to  make  them  conform  to  general  rules." — Pharmaceutical 
Journal. 

"  Chemical  Pliysics  and  Arithmetic  receive  a  greater  amount  of  attention  than 
is  usual  in  sucli  liooks;  and  the  exercises,  experiments,  and  questions  are  well 
selected." — National  Observer. 

"  Provides  a  very  thorough  course  of  study  in  all  that  is  usually  understood  by 
'  elementary  chemistry '.  .  .  .  In  every  respect  the  work  is  admirably  adapted 
to  the  needs  of  students.  The  chapters  on  chemical  .arithmetic  are  especially 
full,  the  author  giving  due  recognition  to  the  importance  of  numerical  work." — 
School  Board  Chronicle. 

"The  book  seems  to  us  to  be  well  up  to  date,  and,  in  common  with  other 
volumes  of  the  series,  is  very  clearly  printed.  It  is  a  welcome  addition  to  a 
vahiable  little  series." — Educational  Review. 

Chemistry  for  All,  or  Elementary  Alternative  Cheniistrj^  in  accor- 
dance with  the  Science  and  Art  Syllabus.  By  W.  Jerome  Harrison, 
F.G.S.,  and  R.  J.  Bailey.    P'cap  Svo,  cloth.  Is.  Qd. 

"  The  matter  contained  in  the  book  is  accurate,  well  arranged,  and  tersely 
expressed.  We  can  recommend  this. Chemistry  as  one  of  the  best,  if  not  the  best, 
of  its  kind  we  have  seen."— Journal  of  Education. 

"Without  the  use  of  symbols  and  formulse,  the  student  will  acquire  from  this 
work  a  very  fair  knowledge  of  the  suliject,  sufficient  to  enable  him  to  pass  on 
without  difficulty  to  the  study  of  other  sciences."— University  Correspondent. 

"  The  little  hook  before  us  might  with  profit  be  placed  in  the  hands  of  all  those 
desirous  of  a  sound  acquaintance  with  the  rudiments  of  chemical  science.  It  is 
clearly  and  simply  wi  itten,  the  introduction  of  perplexing  symbols  and  formulaj 
has  been  avoideil,  and  many  of  the  experiments,  as  will  be  obvious  to  the  intelli- 
gent reader,  may  be  performed  with  the  simplest  of  materials."— Lancet. 

"  Chemistry  for  All  is  the  title  of  an  admirable  little  primer  which  deals  in  a 
clear  and  practical  way  with  the  elements  of  one  of  the  most  attractive  branches 
of  science.  .  .  .  The  young  student  is  not  intimidated  at  the  outset  I)y  the  forbid- 
ding hieroglypliics  which  bar  the  gates  of  knowledge  in  most  books  on  diemistry. 
Yet  the  treatise  is  tlie  reverse  of  supcrlicial,  and  those  who  master  it  will  have 
reason  to  congratulate  themselves  on  having  left  behind  the  initial  difficulties  of 
the  science.  The  diagrams  and  other  illustrations  are  not  only  numerous,  but 
of  exceptional  merit." — The  Speaker. 
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SCIENCE  TEXT-BOOKS.  Elementary  Series— CW/cZ. 
A  Course  of  Qualitative  Chemical  Analysis,  Tnokuanic  and 

Ukganic.  [Elementary  and  Advanced.)  By  Edgar  E.  Hokwii.l, 
F.C.S.,  Lecturer  in  Chemistry  at  the  Pupil  'J^achers'  Centre,  Batterwea! 
F'cap  8vo,  cloth,  2s.    Sj}eckdl,y  corrected  to  meet  the  1894-95  Syllabus. 

"  We  have  been  much  struck  with  this  little  book.  The  method  of  approaching 
the  subject  has  the  merit  of  originality;  the  an-angenient  is  clear,  the  directions 
concise,  and  the  hand  of  the  practical  and  experienced  teacher  plainly  visible. 
Science  teachers  in  search  of  a  book  on  qualitative  analysis  are  strongly  recom- 
mended to  see  this  little  work."— Journal  of  Education. 

"  Amongst  smaller  school-books  which  call  at  least  f(ir  a  passing  word  of  hearty 
recognition  is  Qualitative  Chemical  Analysis,  by  Mr.  Edgar  Horwill,  a  text-book 
which  gives,  in  addition  to  exact  information  on  the  methods  of  chemical  analy- 
sis, many  valuable  hints  to  beginners."— The  Speaker. 

"The  book  is  simply,  clearly,  and  practically  expounded  in  a  manner  that 
should  meet  the  needs  of  any  beginner  in  chemistry."— Scotsman. 

"The  book  is  thoroughly  practical,  and  does  credit  to  tlie  author."— Science 
and  Art. 

An  Elementary  Text-Book  of  Geolog-y.  By  W.  Jerome  Har- 
rison, F.G.S.,  Joint- Author  of  "  Earth-Knowledge  ",  &c.  E'cap  8vo, 
cloth,  2s. 

"  A  clearly  written,  compact  manual  for  elementary  study  of  geology,  and  one 
that  commends  itself  to  the  scientific  educator  as  well  as  to  the  scientist.  The 
opening  chapters  on  the  basis  of  geology  are  exceedingly  satisfying,  and  the 
arrangement  of  material  throughout  the  book  can  hardly  be  improved."— Journal 
of  Education. 

"This  is  one  of  Blackie's  'Science  Text-books',  and  one  of  the  most  excellent 
specimens  of  that  class  of  book  that  the  beginner  could  have  the  good  fortune  to 
meet  with.  A  text-book  usually  tries  to  convey  such  a  mass  of  information  in  a 
small  compass  that  it  is  bound  to  more  or  less  pervert  the  truth  by  the  mere  pro- 
cess of  compression.  Mr.  Harrison  has  aimed  at  giving  a  wide,  rather  than  a 
full  knowledge  of  his  subject.  In  his  definitions  and  explanations,  he  has  taken 
tlie  greatest  care  really  to  meet  the  difficulties  of  the  beginner,  and  has  not  been 
content  with  hackneyed  phrases."— Spectator. 

"  Singularly  lucid  in  its  explanations,  and  there  is  a  crisp  conciseness  about 
Mr.  Harrison's  style  which  makes  us  feel  that  we  are  in  company  with  a  teacher 
who  is  successful  as  well  as  experienced."— Education. 

"The  book  is  exceedingly  well  put  together,  and  is  the  best  text-book  in  this 
branch  of  science  for  the  beginner  we  have  yet  come  across."— Literary  World. 

"A  good  example  of  careful  condensation  and  arrangement;  small  as  the  book 
is  there  is  a  unity  about  it,  and  the  methodical  hand  of  the  teacher  is  apparent 
thi'oughout.  ' — School  Guardian. 

Elementary  PhysiolOgry.  By  Vincent  T.  Murche.  F'cap  Svo, 
cloth,  2s. 

"  We  can  confidently  recommend  this  most  admirable  work.  "—British  Medical 
Journal. 

"  This  manual  is  so  simply  worded,  and  yet  so  packed  with  information  that  it 
will  be  found  of  the  greatest  use  to  young  students.  The  sections  ai-e  suitably 
divided,  and  the  four  parts  into  which  the  book  is  split  up  are  convenient  for 
study  ■  There  is  an  admirable  feature  about  this  little  work  which  alone  inakes 
it  of  unusual  value ;  while  the  diagrams  are  printed  in  black,  the  names  of  the 
several  parts  illustrated  are  printed  in  red."— Education. 

"Its  teaching  is  sound,  concise,  and  up  to  date,  and  the  care  with  which  the 
little  book  is  illustrated,  leaves  little  to  be  desired  either  bv  teacher  or  pupil.  — 
Hospital  Gazette. 
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SCIENCE  TEXT-BOOKS.    Elementary  Series— Contd. 

Elementapy  Botany.  By  Joseph  W.  Oliver,  Lecturer  on  Botany 
and  Geology  at  the  Birmingham  Municipal  Technical  School.  F'cap 
8vo,  cloth,  2s. 

"Each  part  is  well  and  carefully  treated,  the  illustrations  being  particularly 
good,  though  a  large  number  have  done  good  service  before."— University  Corre- 
spondent. 

"The  subject  is  clearly  set  out,  and  the  book  will  certainly  suit  the  require- 
ments of  tliose  students  for  whom  it  is  intended." — Educational  Times. 

"Tliis  well-written  little  manual  bears  a  strong  family  likeness  to  the  other 
volumes  of  the  series  in  tlie  matter  of  admirably  clear  illustrations,  pleasant  type, 
and  good  paper.  Mr.  Oliver  deals  first  with  general  morphology,  next  with  the 
anatomy  of  plants,  and  then  with  their  physiology.  From  tliis  point  he  proceeds 
to  deal  with  flowers— tlieir  morphology  and  physiology — and  in  the  concluding 
■chapters  we  have  the  classification  and  description  treated.  The  illustrations  are 
very  plentiful,  and  there  is  a  capital  index."— Education. 

"The  book  is  a  credit  to  both  author  and  publishers.  It  is  distinguished  by 
accuracy,  by  remarkable  clearness  of  statement,  and,  for  its  size,  by  great  fulness. 
The  paper  and  print  are  all  that  could  be  desiied,  and  the  illustrations  are  excel- 
lent. .  .  .  It  is  an  enormous  advantage  to  the  young  student  to  be  able  to  obtain 
in  so  small  a  compass,  and  for  so  low  a  price,  the  newest  information  upon  critica] 
points.  This  feature  alone  places  this  little  work  far  ahead  of  all  competitors, 
and  as  its  merits  become  known,  it  will  be  'just  the  book  I  wanted'  to  both 
teacher  and  student.  .  .  .  We  strongly  recommend  to  all  concerned  this  capital 
elementary  botany,  as  providing  not  only  a  sure  road  to  a  '  pass ',  but  also  as 
securing  a  sound  knowledge  of  this  interesting  science." — Schoolmaster. 

"  May  without  exaggeration  be  pronounced  to  be  one  of  the  best  of  our  existing 
elementary  treatises  on  botany." — Midland  Naturalist. 

Elementary  Text-Book  of  Coal  Mining-.   By  Robert  Peel, 

Mining  Engineer,  Member  of  the  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers,  and  of  the  British  Society  of 
Mining  Students.  With  many  illustrations,  and  a  C(jloured  Map  of 
the  Coal  Fields.    E'cap  8vo,  cloth,  2s.  6rf. 

"  Elementary  students  of  coal  mining  will  find  Mr.  Peel's  book  a  very  excellent 
guide  in  their  early  studies,,  and  even  advanced  students  may  refer  to  it  with 
advantage.  It  deserves  a  place  in  all  collections  of  mining  literatui'e."— Science 
and  Art  of  Mining. 

"The  volume  will  be  found  extremely  useful,  and  we  have  pleasure  in  recom- 
mending it  not  only  to  those  students  who  are  desirous  of  becoming  colliery 
managers,  but  to  all  underground  workers,  for  whom  a  knowledge  of  the  nature 
of  their  hazardous  employment  may  be  said  to  be  absolutely  necessary.  The 
book  is  well  illustrated,  and  a  useful  glossary  of  mining  terms  has  been  added  by 
the  author." — Coal  and  Iron. 

"  Mr.  Peel's  class-book  is  the  best  we  have  seen,  and  will  prove  of  the  greatest 
service,  as  we  luive  already  suggested,  to  both  the  engineering  student  and  the 
working  miner  himself."— Daily  Chronicle. 

"  We  can  reconnnend  this  admirable  text-book  to  all  who  are  entering  upon  the 
study  of  the  theory  of  coal  mining."— Colliery  Manager. 

"  Tliere  is  a  completeness  and  a  common  sense  about  this  book  which  we  could 
wish  to  see  repeated  in  many  similar  text-books.  .  .  .  We  would  recommend 
natural  science  teachers,  teachers  of  commercial  geography,  and  the  like,  to  make 
tliemselves  acquainted  with  Mr.  Peel's  excellent  manual,  in  order  that  they  may 
occasionally  bring  liefore  their  pupils  a  resume  of  the  great  coal  industry  of  this 
country,  and  in  doing  this  they  will  be  much  helped  by  the  clear  diagi-ams  which 
are  contained  in  the  work,  and  could  be  very  easily  reproduced  upon  the  black- 
board."—The  Educational  Review. 
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SCIENCE  TEXT-BOOKS.    Elementary  8eries~CWc/. 

"  This  little  book  is  written  on  the  right  lines.  Its  autlior  is  an  enfiineer  who 
has  ni  lus  own  person  proved  the  value  of  a  grasp  (;f  principles  in  carrying  out 
practical  colliery  work.  He  moreover  seems  to  have  had  some  experience  in 
teaching,  and  it  is  prol)al)ly  to  tliis  that  he  owes  the  clearness  of  statement  and 
sense  of  proportion  which  form  a  special  merit  of  ids  handbook.  At  any  rate 
he  has  supplied  elementary  students  of  coal  mining  with  an  excellent  introduction 
to  the  larger  and  more  extensive  treatises  on  the  subject.  Tlie  illustrations  are 
in  keeping  with  the  text— simple,  intelligible,  and  without  unnecessary  detail  "  - 
Athenaeum. 

Elements  of  Metallurgy.  By  W.  Jehomk  Harrison,  k.cj.s.,  and 
William  J.  Harrison,  Jun.  Fully  illustrated,  250  pages.  F'cap 
8vo,  cloth,  28.  6d.  [Just  FuUished. 

Earth  Knowledge.  Part  I.  A  Text-Book  of  Elementary 
Physiography.  By  W.  Jerome  Harrison,  f.g.s.,  and  H.  Rowland 
Wakefield.    F'cap  8vo,  cloth.  Is.  Qd. 

See  reviews  under  Earth  Knowledge  on  page  6. 

Elementary  Agriculture.  Edited  by  R.  P.  Wright,  Professor 
of  Agriculture,  Glasgow  and  West  of  Scotland  Technical  College. 
F'cap  8vo,  cloth,  Is.  6f/. 

"  It  is  as  useful  and  trustworthy  a  little  treatise  of  the  kind  as  we  have  seen. " 
— Nature. 

"  As  a  text-book  it  is  thoroughly  trustworthy.  Professor  Wright  has  compiled 
the  matter  with  great  care  and  marked  ability." — Irish  Farming  World. 

"  We  have  pleasure  in  bringing  this  useful  little  work  before  the  notice  of 
those  readers  who  have  written  to  us  for  guidance  as  to  the  books  tliey  should 
study.  It  is  especially  suited  for  that  large  body  of  students  who  have  to  get  on 
as  best  they  can  without  '  class '  teaching,  and  by  them  the  examination  papers 
will  be  found  most  valuable." — Farm  and  House. 

"There  must  be  hundreds  of  schools,  in  purely  rural  districts,  to  wliose  educa- 
tional curriculum  such  a  hand-book  as  this  must  be  specially  suitable."— School 
Board  Chronicle. 

Elementary  Hygiene.  By  H.  Rowland  Wakefield,  Science 
Demonstrator,  Swansea  School  Board,  Joint- Author  of  Earth-Know- 
ledge, &c.    F'cap  8vo,  cloth,  2s. 

"After  careful  examination,  we  are  glad  to  say  that  this  work  is  not  only 
accurate  but  embraces  many  of  the  latest  ideas  on  these  subjects.  Tlie  suggestive 
chapters  on  scliool  hygiene  should  be  of  interest  to  every  teaclier.  A  good 
system  of  arrangement  and  clear  exposition  are  notewortliy  features  of  the 
book.  The  illustrations  are  thoroughly  good  and  suited  to  tlie  text."— Journal 
of  Education. 

"There  can  be  no  doubt  as  to  the  educational  value  of  this  lucid,  orderly  little 
work,  which,  moreover,  can  be  cordially  recommended  to  those  wlio  have  no  fear 
of  examiners  before  their  eyes.  It  is  as  interesting  and  easy  to  read  as  many  a 
popular  magazine."— Guardian. 

"This  is  one  of  the  very  ))est  elementary  text-books  of  h.ygiene.    It  is  cleai-ly 
and  sensibly  written,  up  to  date,  and  well  illustrated.  The  chapters  on  construe^ 
tion  of  dietaries,  school  epidemics,  and  school  furniture  are  especially  excellent. 
— Educational  Times. 

"A  capital  little  liook,  and  useful  to  everybody."— Educational  News. 
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GUIDES  TO  THE  SCIENCE  EXAMINATIONS. 


A  Sei-ies  of  Aids  for  Students  preparing  for  the  Examinations  of  the- 
Science  and  Art  Department,  with  Hints  how  to  work  the  Papers, 
and  Answers  to  Questions.  Edited  by  W.  J.  Harrison.  Ansivers- 
by  leading  Specialists  in  the  respective  subjects. 


ELEMENTARY  SERIES— 6d.  each. 
Applied  Mechanics  (Ans.  1884-94). 
Theoretical  Mechanics  (1887-94). 
Botany  (Aus.  1884-94). 
Physiology  (Ans.  1884-94). 
Physiography  (Ans.  1882-94). 
Agriculture  (Ans.  1884-94). 
Mining  (Ans.  1884-94). 
Metallurgy  (Ans.  1888-94). 


Magnetism  and  Electricity  (ln&. 

1883-94). 
Chemistry  (Ans.  1882-94). 
First  Stage  Mathematics  (1883-94). 

ALTERNATrV'E  CHEMISTRY  (AnS.  1887-94). 

Geology  (Ans.  1883-94). 
Sound,    Light,    and    Heat  (Ans. 

1886-94). 
Hygiene  (Ans.  1886-94). 


ADVANCED  SERIES-8d.  each. 


Physiography  (Answers  (1884-94). 
Hygiene  (Answers  1886-94). 
Heat  (Answers  1881-94). 


Agriculture  (Answers  1885-1894). 
Chemistry  (Answers  1886-1894). 


Test  Papers  in  Mathematics.  Adapted  to  the  requirements  of 
Stage  I.  of  tlie  Science  and  Art  Department.  Arranged  by  R.- 
Roberts.   32  Papers — 480  Examples.    Price  6f/. 


CHEMISTRY  DEMONSTRATION  SHEETS. 

These  present  in  bold  outline  the  Apparatus  used  in  the  experiments  of 
a  First  Course,  and  underneath  each  Diagram  is  set  down  the 
Chemical  Formula  of  the  experiment.  Eight  sheets  in  the  Set, 
printed  on  strong  manilla  (37"  x  28"),  on  rollers;  each  sheet,  3s.  6c?. 
The  following  are  the  several  sheets : — 

Sheet  l.  Preparation  of  Gases :  H,  CO.,,  HoS. 

,,     2.  Preparation  of  Nitrogen  from  Air  and  from  Ammonia. 

,,     3.  Preparation  of  Hydrogen  from  Steam.    Metals  which  decompose- 

steam  at  a  red  heat— Fe,  Mn,  Cr,  Zn,  Ni,  Co. 
„     4.  Preparation  of  Nitrous  0.\ide,  and  Preparation  of  Nitric  Oxide. 
,,     5.  Manufacture  of  Sulphuric  Acid  Demonstrated. 
,,     6.  Gravimetric  Composition  of  Water. 

7.  Volumetric  Composition  of  Gases  H^O,  HCl,  NoO. 
„     8.  Equivalence,  Valency,  or  Atomicity  Table. 

Reduced  facsimiles  andfidl  Prospectus  on  application. 

"  We  have  no  hesitation  in  saying  that  they  are  just  what  is  wanted,  and  we 
strongly  recommend  teachers  to  avail  themselves  of  the  great  aid  thus  afforded 
at  a  comparatively  small  e.vpense.  Such  figures  hung  on  the  walls  of  lecture- 
rooms,  so  as  to  frequently  present  themselves  to  the  eye  of  the  student,  will  tend 
to  fix  in  his  memory  the  ideas  and  facts  which  it  is  the  object  of  the  charts  to 
convey." — Science  and  Art. 
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BLACKIE'S  SCIENCE  FOR  BEGINNERS. 
Agriculture  for  Beginners.   144  pp.,  cloth,  is.   Also  iu  three 

Parts,  paper  3(1.;  cloth,  Ad.  each. 

Chemistry  for  Beginners.  By  w.  Jerome  Hakri.son.  iu  pp., 

cloth,  Is.    Also  in  three  Parts,  paper,  id.;  cloth,  5d.  each. 

Animal  Physiology  for  Beginners.  By  Vincent  t.  Murch6 

144  pp.,  cloth.  Is.  6rf.  Also  in  Parts.  Part  I.,  paper,  id.;  cloth,  5d. 
Parts  II.  and  III,  paper  5d. ;  cloth,  Qd.  each. 

Mechanics  for  Beginners.    220  pp.,  doth,  is.  6d.   Part  I., 

paper,  id.;  cloth,  5d.  Pakt«  II.  and  III.,  paper,  5d.]  cloth,  6c/, 
each. 

Botany  for  Beginners.   By  Vincent  T.  Murche.  144  pp.,  cloth, 
is.    Also  in  three  Parts,  paper,  3rf.;  cloth,  id.  each. 

Magnetism  and  Electricity  for  Beginners.    By  w.  a 

Baker,  m.a.  144  pp.,  cloth,  Is.  Also  in  three  Parts,  paper,  3c/.; 
cloth,  4f/.  each. 


SCIENTIFIC  AND  TECHNICAL  TREATISES, 
HANDBOOKS,  &c. 
The  Movements  of  Respiration  and  their  Innervation  in 

the  Rabbit.  By  Max  Marckwald,  m.d.  Translated  by  Thomas 
Arthur  Haig.    Illustrated.    Super-royal  8vo,  cloth,  10s. 

"...  Possesses  so  many  points  of  importance  wliiuli  have  hitherto  been 
overlooked,  tliat  we  tliiiik  all  persons  interested  in  this  branch  of  medical  science 
should  obtain  it.  The  book  contains  ciuite  a  number  of  charts,  all  of  w  hich  are 
well  executed  and  appropriate,  which  is  a  good  deal  more  than  can  be  said  of 
many  similar  works."— University  IVIedical  Magazine. 

"The  book  is  wonderfully  well  illustrated  by  tracings  and  its  value  is  greatly 
enhanced  by  their  clearness  and  careful  execution.  We  sincerely  hope  that  all 
interested  in  nervous  mechanisms,  even  elsewhere  than  that  of  respiration,  may 
show  their  appreciation  of  the  work.  Many  lines  of  original  research  open 
themselves  after  a  perusal  of  its  pages,  and  ciuestions  of  vital  interest  are 
answered  with  clear-ness  and  exactitude." — International  Journal  of  the 
JVledical  Sciences. 

The  Natural  History  of  Plants:  Their  Forms,  Growth,  Repro- 
duction, and  Distribution.    From  the  German  of  Anton  Kerner 
VON  Marilaun,  Professor  of  Botany  in  the  University  of  Vienna. 
Translated  by  F.  W.  Oliver,  m.a.,  D  Sc.,  Quain  Professor  of  Botany  in 
University  College,  London,  with  assistance  of  Marian  Bu.sk,  B.Sc, 
and  Mary  Ewart,  B.Sc.    With  about  1000  original  Woodcut  Illus- 
trations and  Sixteen  Plates  in  Colours.    Issued  in  Sixteen  Parts 
imperial  8vo,  published  monthly,  price  2s.  6c/.  each  net;  also  in  four 
half-volumes,  at  intervals  of  four  months,  12s.  6c/.  each  net.  [See  p.  2. 
"Professor  Anton  Kenier,  of  Vienna,  has  long  been  recognized  as  one  of  the 
ablest  exponents  in  Europe  of  the  science  of  botany,  and  his  Pfianzcnlcben  is  a 
standard  work.    .    .    .    The  irksome  task  of  translation  has  been  excellently 
accomplished,  and  in  a  manner  which  preserves  the  literary  charm  of  the  original 
text.  Professor  Kerner's  book,  though  written  on  popular  lines,  is  both  scholarl,v 
and  exact  in  statement,  though  needless  technicalities  have  been  avoided.  "—The 
Speaker. 
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SCIENTIFIC  TEEATISES,  &g.— Continued. 
Science  Teaehing-  in  Schools.  By  Henry  Dyer,  m  a.,  d.sc.,  &c. 

With  Appendix  containing  Science  Curricula  of  various  Educational 
Institutions.    Crown  8vo,  cloth,  2s. 

"It  is  pleasant  to  come  across  a  book  so  sensible  and  shrewd  as  Dr.  Henry 
Dyer's  Science  Teaching  in  Schools." — The  Speaker. 

"It  is  really  worthy  of  publication,  pui-chase,  perusal,  and  attention." — 
Educational  News. 

"  Dr.  Dyer's  book  deserves  to  be  widely  read,  not  only  for  its  sound  views  on 
science  teaching,  but  for  the  enlightened  and  generous  view  which  he  takes  of 
education  as  a  whole." — Glasgow  Herald. 

"We  recommend  to  candidates  of  all  grades  for  the  office  of  teacher  hi» 
remarks  on  the  place  in  education  of  experiments,  examinations,  and  imagina- 
tion."— Athenaeum. 

"One  can  see  that  the  writer  has  an  intelligent  idea  not  only  of  the  subject* 
which  should  be  included  in  a  good  scheme  of  education  but  also  of  the  methods 
of  instruction  necessary  to  be  adopted."— Schoolmaster. 

The  steam  Engine :  A  Treatise  on  Steam  Engines  and  Boilers. 
By  Daniel  Kinneae  Clark.  Two  vols.,  super-royal  8vo,  cloth, 
50s.  net. 

"Mr.  Clark's  book  is  an  improvement  on  former  works  in  arrangement,  in 
concentration,  in  selection  of  subjects." — The  Engineer. 

"One  of  the  most  comprehensive  treatises  on  the  steam  engine  yet  published, 
and  may  be  relied  upon  as  indicating  the  latest  practice  of  engineers." — Iron. 

"A  work  of  the  greatest  value  to  all  interested  in  the  construction  and  use  of 
the  steam  engine.  ...  It  will,  we  think,  be  found  indispensable  in  engineer- 
ing works,  and  of  the  greatest  value  to  the  student." — The  English  Mechanic. 

"  This  treatise  amply  sustains  Mr.  Clark's  reputation  as  an  author.  It  is  written 
in  the  same  clear  and  accurate  style  that  characterizes  his  other  works,  and  as 
the  ))ulk  of  the  work  and  the  numerous  diagrams  indicate,  he  has  not,  like  many 
other  writers  on  the  steam  engine,  sacrificed  clearness  to  brevity.  The  work  is 
eminently  a  practical  one.  Altogether  it  is  the  most  satisfactory  general  treatise 
on  the  steam  engine  which  has  appeared  in  the  English  language." — The  En- 
gineering and  Mining  Journal  (New  York). 

A  IVIanual  of  Rules,  Tables,  and  Data,  for  Mechanical  En- 
gineers. Based  on  the  most  recent  investigations.  By  Daniel 
KiNNEAR  Clark,  author  of  "Railway  Machinery",  &c.  &c.  Illus- 
trated with  numerous  Diagrams.  Fourth  edition,  large  8vo  (1000  pp.), 
cloth,  16s.;  or  half-bound,  20s. 

"  The  book  supplies  a  want  long  felt  by  mechanical  engineers.  It  constitutes 
the  best  volume  of  reference  we  know." — The  Engineer. 

"  We  regard  the  book  as  one  which  no  mechanical  engineer  in  regular  practice 
can  aft'ord  to  be  without." — Engineering. 

The  Carpenter  and  Joiner's  Assistant.  By  James  New- 
lands,  late  Borough  Engineer  of  Liverpool.  Being  a  Comprehensive 
Treatise,  theoretical  and  practical,  on  the  selection,  preparation,  and 
sti-ength  of  Materials,  and  the  mechanical  principles  of  Framing, 
with  their  applications  in  Carpentry,  Joinery,  and  Hand  Railing,  &c. 
Illustrated  by  above  100  engraved  Plates,  and  700  figures  in  the 
text.    SujDer-royal  4to,  half -morocco,  £2,  15s. 

"We  know  of  no  treatise  on  carpentry  and  joinery  which  at  all  approaches 
tliis  in  merit.  ...  We  strongly  urge  our  practical  mechanics  to  obtain  and 
study  it."— Mechanics'  Magazine. 
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SCIENTIFIC  TREATISES,  kc.-ContiimH. 

The   Praetieal   Measurer:   A  Series  of  Tables  for  the  use  of 

Wood  Merchants,  Builders,  Carpenters,  Joiners,  Sawyers,  Plasterers, 
Painters,  Glaziers,  Masons,  Bricklayers,  &c.  With  a  treatise  on  the 
Mensuration  of  Superficies  and  Solids.  Illustrated  with  Diagrams 
and  Examples.    By  Alexandkr  Pedijie.    F'cap  8vo,  bound,  7«.  M. 

The  Ag-riCUlturist's  Calculator.  A  Series  of  Forty-five  Tables 
for  l.and  Measuring,  Draining,  Manuring,  Planting,  Weight  of  Hay 
and  Cattle  by  Measurement,  Building,  &c. ;  forming  a  complete 
Ready  Pveckoner  for  all  engaged  in  Agriculture.  16th  thousand. 
P'cap  8vo,  bound,  9s. 


MATHEMATICS. 

Euclid's  Elements  of  Geometry.  With  Notes,  Examples,  and 
Exercises.  Arranged  by  A.  E.  Layng,  m.a..  Headmaster  of  Stafford 
Grammar  School;  formerly  Scholar  of  Sydney  Sussex  College,  Cam- 
bridge. Books  I.  to  VI.,  with  XL,  and  Appendix;  and  a  wide 
selection  of  Examination  Papers.    Crown  8vo,  4s.  Qd. 

Books  I.  to  IV.  in  one  vol.,  2s.  Qd.  Book  I.,  Is.;  II.,  6f/.;  III., 
Is.;  IV.,  6rf.;  V.  and  VI.  together.  Is.;  XL,  Is.  Qd. 

KEY  to  Book  L,  2s.  6c?.;  to  complete  Euclid,  5s. 

The  system  of  arrangement  allows  enunciation,  figure,  and  proof  to 
be  all  in  view  together.  Notes  and  Exercises  ai'e  directly  appended 
to  the  i^ropositions  to  which  they  refer. 

"  The  demonstrations  are  neatly  and  concisely  put,  with  a  line  for  each  step 
in  the  argument,  and  we  detect  no  violence  done  to  the  text.  .  .  .  Fi-om  its 
excellent  arrangement,  and  the  beauty  of  the  type  and  diagrams,  we  should  think 
that  Mr.  Layng's  Euclid  will  become  a  favourite  with  many  teachers." — 
Saturday  Review. 

"The  special  features  of  the  work  are  the  use  of  symbols,  great  clearness  in 
the  arrangement  of  the  argument,  and  the  exercises  at  the  end  of  each  proposi- 
tion, which  are  those  of  a  practical  teacher,  who  knows  the  capacity  of  an  ordin- 
ary schoolboy's  intelligence.  Those  on  the  definitions  are  especially  good,  and 
will  prove  most  suggestive  to  young  and  inexperienced  teachers." — Spectator. 

"The  subject  is  made  really  interesting  as  well  as  instructive.  .  .  .  The 
more  we  have  looked  into  this  Euclid  the  higher  has  been  our  appreciation  of  its 
merits." — Schoolmaster. 

"This  is  one  of  the  best  Eiiclids,  if  not  the  very  best,  we  have  seen.  There  is 
conciseness  in  the  proofs  which  we  have  not  yet  met  with,  and  the  fact  that  tlie 
text  is  so  arranged  that  the  enumeration,  figure,  and  proof  of  each  proposition 
are  all  on  view  together,  must  prove  of  great  assistance  to  the  student.  There 
are  also  many  additional  examples,  from  easy  to  rather  difticult,  which  add  still 
further  to  the  value  of  the  work.  We  need  scarcely  add  that  the  printing  is 
excellent." — Civil  Service  Gazette. 

"  The  nearest  approach  we  have  met  with  to  the  royal  road  to  learning  Euclid's 
Elements  of  Geometry,  and  we  advise  any  whose  lot  it  is  to  teach  or  study  tliis 
subject  to  put  himself  into  possession  of  a  copy  at  once. ' -Teachers'  Aid. 
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MATHEMATICS— Continued. 
Blaekie's  Euelid  and  Mensuration  fop  Beg-inners.  The 

first  two  books  of  Euclid  (with  Exercises),  and  easy  Exercises  in 
Mensuration  (witli  Answers).    Cloth,  60?. 

"Those  who  want  a  useful  class-book  for  the  subjects  mentioued,  and  are 
pressed  in  point  of  price,  may  go  farther  and  fare  much  worse.  We  can  heartily 
recommend  this  J^uciid  and  Mennuration  to  oiu'  readers." — Schoolmaster. 

Elementary  Mensuration,  Lines,  Surfaces,  and  Solids.  With 
Numerous  Exercises.    By  J.  Maetin.    F'cap  8vo,  cloth  limp,  lOd. 

"  This  will  be  a  useful  book  in  schools  in  which  elementary  mensuration  is 
systematically  taught." — School  Guardian. 

"A  valuable  manual  of  mensuration.  It  pretends  to  nothing  beyond  the  plain 
rules  of  measuring;  but  as  a  practical  guide  to  the  measurements  of  everyday 
life  it  will  be  found  all  that  could  be  desired.  The  rules  are  plain,  the  illustra- 
tions simple,  and  the  exercises  sufficiently  numerous  and  varied  to  insure  a 
thorough  understanding  of  the  subject." — Educational  News. 

Preliminary  Alg"ebra.  By  R.  Wyke  B.ayliss,  b.a.,  Vice-Principal 
of  the  United  Service  Academy,  Southsea,  formerly  Scholar  and 
Prizeman  of  Peterhouse,  Cambridge.    E'cap  8vo,  cloth,  '2s. 

"  It  is  one  of  the  most  concise,  compact,  and  practical  elementary  handbooks 
•of  algebra  to  l)e  met  with."— The  Bookman. 

"This  is  distinctly  a  modern  treatment  of  algebra.  There  is  a  freshness  about 
the  volume  which  pleases  us.  In  his  treatment  of  factors  the  author  has  put 
things  so  plainly  tliat  the  student  who  does  not  understand  the  subject  cannot 
fail  to  get  help  here.  In  fact,  all  through  the  book  methods  are  explained  and 
examples  given  which  will  prove  of  inestimable  value  to  those  weak  in  this  sub- 
ject. For  elementary  school  use  and  preliminary  purposes  it  is  the  book  to 
adopt."— Teacher's  Aid. 

"A  capital  little  text-book,  copiously  supplied  with  definitions  explanations, 
and  examples— worked  and  uuworked."— Board  Teacher. 

"Teachers  of  elementary  mathematics  should  make  a  point  of  seeing  this 
Ijook."— Schoolmaster. 

"The  explanations  are  brief  but  clear,  and  the  exercises  thereon  abundant."— 
Academical  Review. 


Algebraic  Factors.  How  to  Find  them  and  how  to  Use  them  ; 
Factors  in  the  Examination  Room.  By  Dr.  W.  T.  Knight.  F'cap 
8vo,  cloth,  2s.    Key,  3s.  i5d. 

"There  is  no  doubt  that  a  kuowledge  of  algebraic  factors  is  of  the  gi'eatest 
importance  to  a  bcgiinier  in  mathematics,  and  in  Mr.  Knight's  little  volume  the 
student  will  find  an  excellent  manual  for  every  day  practice.  It  certainly  does 
justice  to  the  subject,  and  may  be  confidently  recommended."— Educational 
Times. 

"This  book— the  general  plan  of  which  is  to  show  the  most  useful  methods  of 
oljtaining  factors,  and  to  illustrate  the  more  important  uses  to  which  they  can  be 
put— will  prove  invaluable  to  young  students.  Tiie  formuhc  are  well  arranged 
with  due  regard  to  their  comiiarative  difficulty,  ami  are  api)lied  first  to  simi)le 
expressions,  and  afterwards  to  those  of  a  more  intricate  character."— School 
Cuardian. 
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MATEEMATlCii— Continued. 

Alg^ebra:  up  to  and  Including  Progressions  and  Scales  ok 
Notation  ;  for  Schools,  Science  Classes,  Pnpil-Teachers,  Students, 
&c.  By  J.  Gr.  Kerr,  m.a.,  Headmaster  of  Allan  Glen's  Technical 
School,   F'cap  8vo,  cloth,  2.'i.  6d. 

"A  well-arranged,  clear,  and  useful  little  book."— Athenaeum. 

"  The  book  is  admirably  arranged,  well  printed,  and  answers  to  the  '  two-hours' 
papers'  are  given  at  tlie  end."— Journal  of  Education. 

"The  distinctive  feature  of  this  algebra  is  the  way  in  which  explanations  and 
examples  are  com)jined.  The  steps  taken  are  easy  and  carefully  graduated.  A 
pupil  might  take  up  the  book  and  almost  without  the  aid  of  a  teacher,  go 
through  it  from  beginning  to  end.  It  includes  all  that  is  necessary  for  any 
examination  in  elementary  algebra,  up  to  and  including  quadratics,  progi-essions, 
I'atios,  and  scales  of  notation.  The  explanations  are  remarkably  clear  and  con- 
cise, and  the  examples  varied  and  plentiful.  We  have  had  great  pleasure  in 
examining  the  work,  and  can  cordially  recommend  it."— Practical  Teacher. 

Elementary  Alg'ebra.  From  Notation  to  Easy  Quadratic  Equa- 
tions.   F'cap  8vo,  cloth,  Is.  6d.   With  Answers,  2s. 

"A  very  good  book  indeed.  .  .  .  The  examples  are  numerous  and  the  explana- 
tions clear." — Sdnoolmaster. 

"There  is  a  large  and  good  collection  of  exercises,  several  worked  out  for 
illustration,  numerous  test  papers  and  answers.  The  book  is  neatly  got  up,  and 
the  compiler  has  made  a  judicious  selection  of  book  work."— Academy. 

"  It  is  simple  all  the  way  along,  and  the  exercises  are  not  stiff  beyond  the  usual 
level  of  the  examinations.  There  is  a  good  supply  of  test  papers."— School 
Board  Guardian. 

"  As  an  introduction  to  the  science,  for  both  elementary  and  secondary  schools, 
it  would  be  dilBcult  to  find  one  of  equal  merit."— Schoolmistress. 


Blackie's  Algebra  for  Beginners.    From  Notation  to  Simple 

Equations  and  Square  Root.    With  Answers,  cloth,  6d. 

"The  simple  explanations  and  abundant  examples  supply  ample  means  for 
giving  an  excellent  grounding  in  elementary  algebra.  Answers  are  appended  at 
the  end  of  the  book.  We  wish  the  work  the  success  that  it  well  deserves.'  — 
Schoolmaster. 

Mathematical  Wrinkles  for  Matriculation  and  other 

Exams.  Consisting  of  Six  Sets  of  London  Matriculation  Papers  m 
Mathematics,  with  full  Solutions.  By  Dr.  W.  T.  Knight.  F'cap 
8vo,  cloth,  2s.  6c?. 

"The  work  is  thoroughly  done,  and  the  result  is  a  book  likely  to  be  very  ser- 
viceable to  students."— Academy. 

"  The  utility  of  such  a  work  as  this  to  matriculation  candidates  is  obvious,  and 
we  are  of  opinion  that  it  will  prove  equally  valuable  to  students  preparuig  for 
any  examination  in  elementary  mathematics."— School  Guardian. 

"  Will  be  of  great  service  to  those  who,  having  studied  from  the  text- 

books,'with  or  without  the  aid  of  a  teacher,  are  desirous  of  formmg  a  fan-ly  correct 
estimate  as  to  the  difficulty  of  the  subject,  and  then-  ability  to  pass  through  it.  - 
Board  Teacher. 

"A  book  of  '  reminders  •  and  'suggestions'."— Journal  of  Education. 
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MATHEMATICS— Continued. 
Elementary  Text-Book  of  Trig-onometpy.    By  K.  H. 

PiNKERTON,  B.A.,  Balliol  College,  Oxford;  Lecturer,  University 
College,  Cardiff.    F'cap  8vo,  cloth,  ■2s. 

"  An  excellent  elementary  text-book  likely  to  be  found  very  useful  as  a  means 
of  preparing  for  examinations.  .  .  .  The  exposition  and  demonstration  of 
principles  are  remarkable  for  clearness  and  fulness,  the  work  favourably  con- 
trasting in  this  respect  with  the  text-books  of  former  days."— Athenaeum. 

"It  everywhere  shows  evidence  of  thoughtful  arrangement,  and  is  not  by  any 
means  a  rechauffe  of  previous  works  on  the  subject.  .  .  .  Clearness  of 
arrangement  and  of  exposition  commend  the  work  to  students  who  are  reading 
up  for  tlie  science  and  art  and  similar  examinations."— Academy. 

"Seems  well  adapted  for  'students  preparing  for  University  pass  examinations, 
and  other  examinations  in  which  elementary  trigonometry  is  needed'.  We  have 
not  detected  any  want  of  accuracy  in  its  pages."— Saturday  Review. 

"We  have  little  but  praise  to  give  Mr.  Pinkerton's  little  book,  treating,  as  it 
does,  in  a  lucid  form,  of  plane  trigonometry  as  now  taught.  One  excellent 
feature  is  the  number  of  numerical  examples  supplied  in  it."— Knowledge. 

An  Introduction  to  the  Differential  and  Integral  Cal- 

eulUS.  With  examples  of  applications  to  Mechanical  Problems. 
By  W.  J.  Millar,  c.e.    F'cap  8vo,  cloth,  Is.  6d. 

"Will  be  helpful  to  engineei'ing  and  mechanical  students  who  have  not  the 
time,  nor  perhaps  the  mathematical  ability  for  advancing  further  into  the 
subject.  "—Academy. 

"It  is  clearly  written,  the  examples  are  well  chosen,  and  it  is  on  the  whole 
wonderfully  accurate.  .  .  .  We  cordially  hope  that  the  little  book  may  attain  its 
object  of  smoothing  and  rendering  attractive  to  practical  engineers  the  rather 
forbidding  pathway  leading  to  the  higher  mathematics."— Nature. 

"His  explanations  of  the  elementary  principles  of  the  calculus  are  clear,  his 
illustrations  well  chosen.  .  .  .  The  book  is  pre-eminently  a  pleasant,  handy,  and 
useful  compendium." — Journal  of  Education. 

"This  little  treatise  is  worthy  of  the  attention  of  mathematical  students ;, ;its 
merits  are  the  simplicity  of  treatment,  and  the  practical  character  of  the  ex- 
amples. "—Schoolmaster. 

"This  little  book  is  deserving  of  recognition  from  engineer  students,  because 
it  embodies  an  effort  to  provide  them  with  '  an  outline  of  the  principles  of  the 
calculus',  and  examples  of  these  principles  similar  to  those  likely  to  occur  in 
practice.  The  value  of  such  a  woik  has  long  been  admitted.  ...  It  is  practical 
from  beginning  to  end."— Engineer. 

"A  safe  and  easy  introduction  to  our  best  works  on  mechanical  philosophy, 
and  ought  to  find  a  place  in  every  engineer's  library  .  .  .  the  cheapest  eighteen 
pence  worth  of  pure  and  applied  science  recently  published  in  the  United  King- 
dom."— Indian  Engineer. 

Examination  Arithmetic:  Containing  1200  Arithmetical  Pro- 
blems and  Exercises  (with  Answers).  Classified  by  T.  S.  Haevey. 
Cloth,  2s.  Key,  containing  the  Problems  fully  worked  out,  cloth, 
4s.  6rf. 

"  We  have  no  hesitation  in  saying  that  of  all  the  examination  arithmetics 
which  have  come  under  om-  notice— and  they  are  not  a  few— this  is  by  far  the 
best."— The  Practical  Teacher. 
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MATB.EMATICS— Continued. 

Mercantile  Arithmetic  for  Commercial  and  Continuation  Classes. 
By  E.  T.  Pickering,  Accomitant  to  the  Biiminghain  Scliool  Board, 
formerly  Lecturer  on  Mercantile  Arithmetic  at  the  Birmingham  and 
Midlands  Institute.    F'cap  8vo,  Is.  i5d. 

"It  is  thorouglily  practical,  and  in  the  explanations  there  is  no  waste  of  words. 
The  author  is  particularly  lucid  in  his  explanations  of  stocks  and  shares,  foreign 
exchanges,  and  the  metric  system."— Glasgow  Herald. 

"  Mr.  Pickering  s  book  will  prove  a  treasure  for  those  for  whom  it  is  intended.' 
^Capitalist. 

"  This  l)ook  is  an  invaluable  addition  to  the  enormous  library  of  arithmetical 
treatises."— Educational  News. 

"As  a  preparation  for  a  commercial  life  we  know  of  no  better  book  on  this 
subject  in  the  market,  and  teachers  who  are  conducting  classes  under  the  County 
Councils  in  commercial  subjects  will  find  the  materials  of  Mercantile  Arithmetic 
all  ready  to  their  hands.  We  heartily  recommend  it  to  the  profession."— School- 
master. 

A  Practical  Arithmetic  on  an  entirely  new  method  for  Schools, 
Colleges,  and  Candidates  preparing  for  Civil  Service,  University 
Local,  and  other  Examinations.  By  John  Jackson.  Third  Edition. 
416  pp.,  f'cap  8vo,  cloth,  4s. 

"From  the  beginning  to  the  end  not  fanciful  quibbles,  but  operations  of  con- 
stant occurrence  in  business  transactions  are  provided  for  the  student.  The 
book  is  a  mine  of  examples."— Educational  News. 

"  The  new  methods  of  working  long  division  and  proportion  here  set  forth  wiU 
be  found  invaluable. '-Educational  Times. 

"This  book  .  .  deserves  to  be  commended  as  eminently  practical  and 
scientific.  .  .  .  The  rules  laid  down  are  lucid,  and  the  methods  exemplified 
are  simple  in  the  extreme.  .  .  .  It  is  altogetlier  a  very  carefully  prepared 
educational  manual,  which  we  can  thorouglily  recommend  to  students  of  arith- 
metic."— Civil  Service  Gazette. 

"  Any  person  who  desires  to  become  a  good  practical  arithmetician,  or  to  take 
a  respectable  place  at  a  public  competition,  should  lose  no  time  in  procuring  a 
copy." — Irish  Teacher. 
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